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GLASS 
—the STURDIEST 


container for milk 


Glass—strong and advantayes, glass is cer- 
sturdy—easily with- tainly the ideal container 
stands the wear of or- for milk and other dairy 
dinary household products. Owens- 
handling, return- Illinois Glass Co., 
ing for many trips. a Dairy Container 
Considering ail the Division, Toledo,O. 


GLASS IS BEST. 


1, Its CONVENIENT. Easy to handle—neck and 
head offer a firm grip—easy to re-seal. 


It’s ECONOMICAL. The many trips glass affords 
reduces initial cost. 


It’s ODORLESS. The hard vitreous surface cannot 
absorb odors, or impart taste. 


It’s CLEANEST. Thoroughly sterilized same as 
hospital bottles—tests prove glass cleanest. 


It’s HONEST. The wholesomeness, richness and 
quantity are quickly revealed to the customer. 


OWENS-ILLINOIS 


GLASS DAIRY CONTAINERS 
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Looks tough .. . “acts” plenty tough 

. but steam is usually only a big bluff 
when it comes to bacteria. Here are the 
facts: steam as usually applied is seldom 
hot enough to kill bacteria. Accurate 
tests show that only one foot from the 
nozzle, steam drops more than 40° below 
the minimum temperature specified for 
sterilizing. 


There’s no bluffing with Diversol. Kills 
milk-spoiling bacteria quickly at any tem- 
perature. It is easy to use. Unlike ordi- 
nary dairy bactericides, Diversol will not 
corrode or damage equipment. Depend- 
able . . . keeps its strength. 


Write today for free Research Bulletin on 
the comparative efficiency of heat versus 
chlorine sterilization. 


THE DIVERSEY CORPORATION 
53 W. Jackson Bivd., 
Chicago 


How hot is steam? Just place a thermometer at 
varying distances from the nozzle of a steam 
hose and see for yourself. 
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DEXTROSE IN 
DAIRY PRODUCTS 


We Cordially Invite 
Vou lo Visit 
Our Booth 

al lhe 


DAIRY INDUSTRIES 
EXPOSITION 


lo te held in 
San Francisco, Cal. 
Cnlober 23nd lo 28th, 


Our technical service representa- 
tives will be on hand to discuss 
the use of dextrose in the man- 
ufacture of ice cream, chocolate 
milk, sweetened condensed 
milk or in any other product 
in which you are interested. 


CORN PRODUCTS SALES CO. 
17 Battery Place, New York, N. Y. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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KIMBLE BRAND 


DAIRY GLASSWARE 
FLOATING THERMOMETERS 


Kimble Floating Thermometers Nos. 660 and 663, illustrated 
here, are equipped with a ‘safety glass’’ feature—a tough, 
transparent COATING which greatly increases resis- 
tance to breakage if accidentally dropped or struck. This 
protective coating retains fragments of glass and mer- 
cury, avoiding contamination of milk. Immune to the 
action of hot milk, the safety coating does not affect the 
taste or qualities, and will not crack or turn yellow. 


These Thermometers, with No. 665 listed below, are also 
povided with orange-backed thermometer tubing 
to set off the mercury column in bold relief, there- 

by affording greater ease and accuracy of reading. 


SPECIFICATIONS AND PRICES 


No. 660—FLOATING CHURN THERMOMETERS with 
transparent coating and orange-backed thermometer tub- 
ing. Range 0° to 160°F., in 2° divisions. Accurate to within 
1°. Mercury-filled, shot-weighted. 
Each $.80 Dozen $8.00 6 Dozen $40.00 


No. 663— FLOATING PASTEURIZING THER- 
MOMETERS with transparent coating and orange- 
backed thermometer tubing. Range 0° to 220°F., in 
2° divisions. Accurate to within 1°F. Mercury-filled, 

shot-weighted. 

Each $.80 Dozen $8.00 Gross $80.00 


No. 665—FLOATING PASTEURIZING THER- 
MOMETERS (similar to No. 663) with orange- 
backed tubing but without transparent coating. 
Range 0° to 220°F., in 2° divisions. Accurate 
to within 1°. Mercury-filled, shot-weighted. 


Each $.68 Dozen $6.80 Gross $68.00 


Ask your jobber to supply Kimble & 
Brand RETESTED Floating Thermom- 
eters on your next order. 


K 


The Visible Guarantee of Invisible Quality 


KIMBLE GLASS COMPANY .... VINELAND, N. J. 


NEW YORK++ CHICAGO++PHILADELPHIA++ DETROIT++ BOSTON 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Two Modern Spencer Instruments 
for the Dairy Scientist 


The Spencer Low Power Binocu- 
lar Microscope, shown in the fore- 
ground, greatly increases the accuracy 
of observations because it produces a 
vivid stereoscopic image. The objec- 
tives converge at a greater angle than 
the eyepieces—an exclusive Spencer 
feature. This provides the maxi- 
mum stereoscopic effect with added 
comfort. 

With this instrument wide field of 
view and great depth of focus are ob- 


tained. A dust-tight revolving drum 
carrying objectives of different mag- 
nifications is available. 

The Spencer Quebec Colony Coun- 
ter, shown in the background, like- 
wise affords greater accuracy of obser- 
vation due to its dark field and bright 
lines. Colonies glow brightly; pin- 
point colonies are seen easily. Oper- 
ators work more efficiently, more 
comfortably. 


For complete information, write Dept. X28 


Spencer Lens Company 


MICROSCOPES SPENCER REFRACTOMETERS 
MICROTOMES COLORIMETERS 
PHOTOMICROGRAPHIC SPECTROMETERS 


Your advertisement is being read in every State and in 25 Foreign Countries 
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DOUBLE BARRELED RESULTS 


FROM A SINGLE BARREL OF WYANDOTTE 


= can washing—don’t overlook the Wyandotte 
Products especially suited to this purpose; they have 
double action. 


Because they are safe cleansers, they will not pit or 
scratch the surface of your cans; this means . 


1. Longer life to cans 
2. No “off” flavor from exposed iron 


Retinning is expensive, buying new cans is more so. 
Why not cut down this expense and protect the flavor of 
your product by using mild, safe, quick-acting Wyandotte 
Cleaner and Cleanser, Poma, Cherokee, or Can-Wash—de- 
pending on water hardness and plant conditions. 


Visi — Your Wyandotte Service Representative will be glad to 
° Mer ada on Dairy give you more information about the full line of Wyan- 

Industries Exposition, dotte Products. 

San Francisco, 

October 23-28 


THE J-B-FORD SALES CO: 


WYANDOTTE MICH 
SERVICE REPRESENTATIVES IM OB THES 


YOUR COPY IS 


READY « « Send 
for it today 


This new, colorful 16 
page booklet completely 
covers America’s leading 
line of stainless steel 
cooling equipment. 
“Controlled Flow Re- 


| COLON BACILLI IN 
; | MILK AND WATER 


BBL-Desoxycholate Lactose Broth 
BBL-Desoxycholate Lactose Agar 
| BBL-Desoxycholate Agar 


tion” an 
These media offer the most uniformly re- et TT, 
liable and economical means for the enu- ing’’ are 
meration of colon bacilli. The advantage two out- 
' of these media over most others lies in the a 
use of Sodium Desoxycholate as sole bac- the new 
\ teriostatic agent. Sodium Desoxycholate Mojonnier 


line. 
Ask for 


is a pure chemical and has a clear-cut in- 

hibiting effect on the growth of Gram posi- 
tive bacteria as compared to Gram nega- 
tive bacteria. It thus has none of the 
disadvantages generally found in other 
bacteriostatic agents such as bile, bile salt 
mixtures, or dyes. 


‘Whenever possible only pure chemicals 
are used in BBL media as bacteriostatic 
agents. 


Literature and prices sent on request 


BALTIMORE BIOLOGICAL LABORATORY 


Mojonnier Broa. Co: 
GSS, Baltimere, 264. 4601 W.OHIO ST. CHICAGO 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Deadline January 1st 1940 
for Federal Labeling Act 


You will find that there are definite limita- 
tions as to what may be printed on food 
wrappers after January Ist. Are you familiar 


with these limitations? 


Likewise, there are definite requirements | 
as to information which must appear on each 
wrapper. Do you understand these require- 


ments? 


As a guide we have prepared, in simple 
words, an analysis of the New Federal Act— 


as it applies to the labeling of butter. If you 


CORRECT would like to have a copy, just drop us a line, 
Because Patapar is both 
insoluble and grease-proof, | and the analysis is yours for the asking. 
it is the correct material for 
protecting dairy products. 
Among its many uses are: 


Butter Wrappers Paterson Parchment Paper Co. 

Tub Liners and Circles 

Milk Can Gaskets Bristol, Pennsylvania 

Milk Bottle Hoods 

Ice Cream Wrappers West Coast Plant: 340 Bryant Street, San Francisco, California 
and Flavor Labels Branch Offices: 111 West Washington Street, Chicago, Illinois 

Cheese Wrappers 120 Broadway, New York, New York 


Patapar Vegetable Parchment 


INSOLUBLE - GREASE-PROOF - ODORLESS 


Your advertisement is being read in every State and in 25 Foreign Countries 
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Contrast \n 


Black and White .. . 


“The dietary rule of a quart of milk each day for every child is much 
more than a precept based on individual opinions or drawn from the 
results of feeding experiments with lower animals; it mow rests on 
scientific evidence obtained by extensive and intensive experiments 
directly upon the children themselves.” 

(Sherman in “Food & Health” quoting J. A. M. A.) 


“The weighted mean total consumption of market milk, 
cream, and buttermilk for municipalities of over 1,000 
population in the United States was 0.73 pint per capita 


per day.” 
(Public Health Service Bulletin 245, 1939) 


There’s a striking contrast between the nutritionist’s knowledge of 
milk’s food value and the consumer’s appreciation of milk as a vital 
part of his diet. Nutritionists and dairymen long have tried to close 
this unfortunate gap. 


| Vitamin D milk has focused renewed consumer attention on milk’s 
nutritional value. An understanding of milk itself is basic to the 
sale of milk plus vitamin D. It is not improbable that the increas- 
ing use of vitamin D milk, will be reflected in the increased per capita 
consumption of milk itself. 


Dairies marketing “Vitex”* Vitamin D Milk tell consumers the story 
of food value in a milk which contains natural source vitamin D in 
amounts of significance to human nutrition. 


VITEX LABORATORIES, INC. 


Producers of “Vitex” Vitamin D Concentrate* for the 
Vitamin D fortification of Milk 


A NOPCO Subsidiary e HARRISON, N. J. 


* “Vitex” is a Trade-Mark of National Oil Products Company. 


Your advertisement is being read in every State and in 25 Foreign Countries 
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THAT'S WHAT PRODUCERS OF HOMOGENIZED 


MILK, EVERYWHERE, SAY ABOUT THE NEW 


SANITARY 


TWO STAGE 


SCOLIZER 


THERE i is a pronounced trend toward homo- 
genized _ It tastes better . . . digests 
more easily . . . sells readily at premium 


prices. 


With the trend toward high pressure homog- 
enization there is a corresponding trend 
toward Cherry-Burrell'’s NEW TWO-STAGE 
SANITARY VISCOLIZER. It does a fine job. 
It is completely sanitary . . . easily, quickly, 
and completely cleaned and sterilized. 


GOSHEN, IND., writes . . . “excellent suc- 
cess with your Viscolizer.” BATTLE CREEK, 
MICH., writes . . . “the sanitary features of 
this machine adapt it very well to this use.’ 
SIOUX CITY, IA. writes... “easy to keep 
clean and no trouble.” WAUKESHA, wis, 


writes... “easy to operate and maintain in 


a sanitary manner." JOLIET, ILL., writes . 
“has lived up to our expectations. * MIL. 
WAUKEE, WIS., writes .. . “very satistactor 
operation and easy to clean.” ALLENTOWN, 
A., writes... ‘can be cleaned in less time 
than any machine we've ever seen.” A lead- 
ing STATE UNIVERSITY writes . . . “very 
sanitary."" PEORIA, ILL., writes . . . ‘“‘excel- 
lent service and easy to clean.” BROCKLYN, 
. Y., writes . . . “sturdy, easy to disassem- 
ble, clean and assemble."’ HALIFAX, N. C., 
writes . . . “sanitary, noiseless and does good 


work.” 


And so it goes. Find out more about this 
great new trend. Send for Viscolizer Bulletin 
No. G-324 and the informative booklet, ‘The 
Facts About Homogenized Milk." 


CHERRY-BURRELL CORPORATION, 427 W. Randolph St, CHICAGO 


Your advertisement is being read in every State and in 25 Foreign Countries 
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THE RIBOFLAVIN CONTENT OF COW’S MILK 
DAVID B. HAND anp PAUL F. SHARP 


Department of Dairy Industry, New York State College of Agriculture, 
Cornell University, Ithaca, New York 


The riboflavin content of about 400 samples of milk produced in New 
York State has been determined. The presence of riboflavin in cow’s milk 
is of considerable biological significance. Riboflavin is linked with bio- 
logical oxidations (and possibly with the oxidations occurring in milk) in 
three ways: as the active group of an enzyme (12, 9), as a hydrogen acceptor 
(11), and as a photosensitizer for the oxidation of vitamin C (7, 4, 2). 

The average riboflavin content of milk varies with the different breeds, 
the Jersey being highest, the Guernsey intermediate and the Holstein lowest. 
On the average, Holstein milk contains 33 per cent less riboflavin than Jersey 
milk. See Table 1. It is interesting that the order of breed is slightly dif- 


TABLE 1 
Riboflavin content of milk 
Barn fed Pasture fed 
. Mg. riboflavin per Mg. riboflavin per 
Mik sample No. liter whole milk No. liter whole milk 
analyses analyses 
Range Average Range Average 
: 25 1.55-3.42 2.18 24 1.90-3.40 2.37 
Guernsey ............... | 14 1.64-2.72 1.91 14 1.41-2.52 2.04 
+ 1.80—2.08 1.87 5 2.00-—2.62 2.37 
9 1.26-2.08 1.69 10 1.57-2.38 1.97 
22 0.60-2.31 1.42 23 | 1.19-2.44 1.64 
Cornell Herd ... | 74 0.60-3.42 = 1.80 76 | 1.19-3.40 2.04 
Composite com- 
mercial .............. 53 1.34-2.17 1.64 50 1.60—2.27 1.97 


(Analyses on the Cornell herd were made on April 7 and June 8, 1937, and those on 
the composite commercial samples on April 4 and June 28, 1938.) 
ferent with respect to the carotene content of milk fat, in which case the 
Guernsey is higher than the Jersey. 

Commercial milk in summer was found to contain about 20 per cent more 
riboflavin than winter milk. This increase is apparently an effect of the diet 
and is true in general where the change in feed is from corn silage to pasture. 

Received for publication March 3, 1939. 
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The average increase in the riboflavin content of the milk of the Cornell herd 
in summer was 13 per cent. However the milk of cows receiving molasses- 
grass silage and phosphoric acid-grass silage was relatively high in winter 
and did not increase in riboflavin content when the cows were placed on grass 
pasture. Our observations confirm the work of Virtanen and Holmberg 
(10) who reported that with phosphoric acid silage the riboflavin content of 
the milk remained constant throughout the year. 

A further study of seasonal and individual variation was made on 9 cows 
beginning April 13 and extending to June 29, 1938. <A total of 164 analyses 
were made. Some of the cows were stall fed on molasses-grass silage and 
the rest were fed on phosphoric acid-grass silage and numerous samples were 
taken during the two weeks period preceding turning the cows out to grass 
pasture. There was no evidence of a change in riboflavin content when the 
cows were put out to graze. There was, however, considerable fluctuation 
with all the cows throughout the 10 weeks period. The maximum deviations 
of the 9 cows from their individual means were between + 15 per cent and 
+ 27 per cent. The average value of riboflavin for all analyses for the 2 
weeks before going on grass pasture feed was 2.28 and for the 2 weeks after 
going on grass pasture was 2.12, indicating no increase. Since the average 
deviation in all duplicate analyses was + 3.99 per cent, any fluctuation less 
than this would be questionable with our method. During this period of 10 
weeks the maximum deviation of the control solution of riboflavin from its 
mean value was + 6.0 per cent. The change in feed produced practically 
no change in milk production which averaged 33.3 pounds per day before 
and 32.5 after the cows were put out on pasture. 

The riboflavin content of milk varies with the individual cow, as well as 
with feed, breed and milk production. Variation among individual cows in 
a given season can be more than 500 per cent. The highest single milk 
sample observed on grass pasture contained 3.42 mg. per liter and the lowest 
contained 0.60 mg. per liter. Variations in individual, commercial, market 
milk samples were much smaller and the range was narrower, being from 
1.60 to 2.27 mg. per liter. This was to be expected because the commercial 
samples were from mixed milk coming from various dairies throughout the 
state of New York. The samples were collected from delivery wagons. 

Beeause of the variations due to breed, feed and individual cows, it is 
diffieult to assign a single value as being the normal riboflavin content of 
milk. In place of a value, Table 1 showing group averages and Figure 1 
showing distribution curves for milk samples with respect to riboflavin con- 
tent are given. Individual variations in samples which are encountered in 
most biological work produce a need for a special type of analytical proce- 
dure. The methods used must be rapid and simple but need not be ex- 
tremely accurate. It is much more significant to have a large number of 
analyses with an accuracy of + 5 per cent than to have a few extremely 
accurate results. 
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The most frequently observed riboflavin content of the milk samples 
studied by us was about two mg. per liter. Our results are about 25 per 
cent higher than those of Whitnah, Kunerth, and Kramer (13). In our 
herd the few Ayrshire cows averaged higher than the Holstein cows, but the 
number of Ayrshire cows tested by us (10), is too small to establish this breed 
difference. Earlier analyses of the riboflavin in milk in individual samples 
are not inconsistent with our results. For example, Kuhn, Wagner-Jauregg, 
and Kaltschmitt (5) found 1.00 mg. riboflavin per liter of milk and von 
Euler, Adler, and Schlétzer (1) found 2 to 3 mg. per liter. Riboflavin in 


90}— 


80}— 
Commercial samples 


milk sampies 


5 


40}— individual cows in — 


Cornell herd 


distribution of 


Percent 


Riboflavin in mg per liter 
Fig. 1. Distribution of riboflavin in milk. 


milk is reported to be 90 per cent free of combination with protein (5) and 
unesterified (6). 

The determinations of riboflavin reported here were made by measuring 
the intensity of fluorescence of an acetone milk filtrate with a photoelectric 
cell and comparing this reading with the fluorescence of uranium glass as a 
standard (3). In order to make sure that variations were not due to fluctua- 
tions in the instrument, comparative readings were frequently made using 
a standard riboflavin solution which remained unchanged during the year. 

No relation between riboflavin content of the milk and the development 
of oxidized flavor in the dark was observed with the samples studied. A 
definite inverse relation was found between riboflavin content and milk pro- 
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duction, the linear correlation coefficient of which was — 0.501 (+ 0.058). 
This correlation was obtained with 76 cows, 5 different breeds, all receiving 
the same type of feed. The relation is even better than the linear correlation 
coefficient would indicate because the regression is not linear but skew. The 
data yield a correlation ratio of —0.830 (+ 0.024). Since the square of the 
correlation ratio is 0.69 it may be concluded that two-thirds of the factors 
other than feed, which determine the content of riboflavin in milk may be 
accounted for by changes in milk production. A correlation of riboflavin 
with fat content has been reported (13) and it has been suggested that ribo- 
flavin is concerned in the production of milk fat. A correlation of riboflavin 
with fat content may result merely from the inverse correlation with milk 
production and thus offer no evidence that riboflavin is active in the produc- 
tion of milk fat. The evidence that there is little or no riboflavin in mare’s 
milk (8) would indicate that riboflavin performs no function in the produc- 
tion of fat. 
SUMMARY 


The riboflavin content of about 400 samples of milk was determined by 
the measurement of the intensity of fluorescence of an acetone filtrate by a 
photoelectric cell. The riboflavin ranged from .60 to 3.42 mg. per liter. A 
negative skew correlation of —0.830 was found between riboflavin content 
and milk production. Commercial milk in summer contained about 20 per 
cent more riboflavin than winter milk. Cows, after being fed in winter on 
phosphorie acid grass silage, showed no increase in riboflavin when turned 
out on grass pasture. 
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This problem has been studied, especially in Europe where protein con- 
centrates are expensive. No attention, so far as we know, has been given to 
the problem in this country. The data from Europe are conflicting, some 
investigators claiming that polygastric animals can utilize for protein build- 
ing simple nitrogen compounds like urea or ammonium bicarbonate, while 
others claim that they cannot. The foreign experiments have been balance 
experiments of short duration, which are always open to criticism, or experi- 
ments where urea, glycocoll or ammonium salts have displaced some of the 
protein for milk production. Here again the protein levels were sufficiently 
high so that the animals probably were receiving sufficient protein without a 
need for the nitrogen coming from simple forms like urea, glycocoll or am- 
monium salts. A complete review of this subject has been made recently by 
Krebs (1) and in this paper no further reference to the literature will be 
made. In this review by Krebs the conclusion was reached that the existing 
data on nitrogen balance experiments and protein displacement in lactation 
by urea or ammonium salts were inconclusive in respect to their utilization 
and that only long-time growth experiments could give conclusive data. 
This is in agreement with our own conclusions before inaugurating the 
experiments to be deseribed. 

Our experience with mineral balance experiments involving calcium and 
phosphorus, for example, has led us to the conclusion that erroneous inter- 
pretations from short-period experiments may at times be made. The best 
type of experiment for a study of the utilization of urea or ammonium nitro- 
gen is one of long duration involving growth, milk production, ete. 


FIRST EXPERIMENT 


In our first experiment 4 calves, males, were started in the fall of 1936 
upon the following ration : 


Yellow corn 29.5 lbs. 
Ground timothy hay 47 


Received for publication April 4, 1939. 

Published with the approval of the Director of the Wisconsin Agricultural Experiment 
Station. 

We are grateful to E. I. Du Pont de Nemours and Company, whose financial assistance 
made possible the initiation of the second experiment. 


785 


786 E. B, HART, G. BOHSTEDT, H. J. DEOBALD AND M. I. WEGNER 


This was to serve as the basal ration low in protein (Animal No. 1). It fur- 
nished a little less than 6 per cent of total protein (N x 6.25) and an intake 
of 84 pounds of the ration daily contributed but 0.4 to 0.5 pound of total 
protein. Animal No. 2 received the basal ration plus urea in amounts so 
that the ration contained 18 per cent of protein (N x 6.25). Animal No. 3 
received the basal ration supplemented with ammonium bicarbonate to a 
level where the ration contained 18 per cent of protein (N x 6.25) ; and the 
fourth animal the basal ration plus casein as a complex protein in such an 
amount that the ration contained 18 per cent of total protein (N x 6.25). 
It was planned to equalize the intake to the lowest individual consumption. 
The supplements were added at the expense of the combined quantities of 
corn, starch, and hay portions of the ration. 

These animals were started in calf barracks but in November transferred 
to the basement of the Dairy Barn where a more constant temperature was 
available. With these rations as planned, the urea calf was getting about 
66 per cent of its nitrogen from urea; the ammonium bicarbonate animal the 
same percentage of nitrogen from ammonium bicarbonate, and the casein 
animal the same percentage of nitrogen from casein. It took some time to 
work the animals onto the ration, the urea calf showing some diuresis—an 
excessive stimulation of the kidneys and excessive urination. After the 
calves were well on the ration, blood analyses were made to determine the 
level of total and serum protein, urea, and non-protein nitrogen. The total 
protein of the blood ran as follows: 


Control animal 16.67% 
Ammonium bicarbonate animal 14.20% 
Casein animal ... 14.20% 


The urea nitrogen distribution of the blood as run March 12, 1937, showed 
in mg. per 100 ce. of whole blood : 


Control animal ........ paennee 7.2 mg. 
Ammonium bicarbonate animal —< 
Casein animal ................ > 


It is evident from these figures that the control animal was metabolizing 
very much less nitrogen than the other three, and also that the urea animal 
was carrying a slightly higher urea level in its blood than the ammonium 
bicarbonate or casein animal. 

Growth records were made weekly. In February, in order to stimulate 
the appetites, 10 pounds of corn molasses—equivalent to 7 pounds of sugar— 
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were added to each 100 pounds of ration. This corn molasses was free from 
nitrogen. This addition had a very desirable effect in stimulating the 
appetites. Thereafter consumption equalization was very easy to make. 
From time to time the rations were increased from 8 pounds daily until at 
the end of the experiment each animal was receiving 12.5 pounds of the ra- 
tion daily. Three charts showing the gains in weight over 28 weeks, and 
the 14-week period after the molasses was added as well as for the entire 40 
weeks of the experiment, are shown. See Figures 1, 2 and 3. The experi- 
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Fig. 1. Growth of male calves—28 weeks. Simple N compounds. 


ment was run for 40 weeks during which time the control animal gained 201 
pounds, the urea animal 290 pounds, the ammonium bicarbonate animal 276 
pounds, and the casein animal 427 pounds. 

It is very apparent that these animals were making us. of the simple 
nitrogen compounds. They were not utilizing them to the same extent as 
the protein casein, but nevertheless the growth rate of the urea and am- 
monium bicarbonate fed animals at certain periods approached that of the 
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casein animal and all three were well ahead of the control. Apparently the 
control animal received sufficient protein to make slow growth although the 
protein was barely sufficient for what the standards specify for maintenance. 
During the 14 weeks recorded in Figure 2, the control animal gained about 
65 pounds, the ammonium bicarbonate animal 105, the urea animal 110, and 
the casein animal 126 pounds—a little over a pound a day for all individuals 
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azo 
110 Urea 
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2 ? > 1 2 wee 
Fie. 2. Growth of male calves on simple nitrogen compounds. Molasses period. 
Equalized feeding. 


receiving the extra amount of nitrogen. We continued the experiment until 
the animals reached 600 to 700 pounds and then slaughtered them for deter- 
mination of the amount of stored protein in the carcass. This gave more 
positive data as to the utilization of these simple forms of nitrogen. Only 
with great difficulty could the entire carcass have been analyzed, but in lieu 
thereof slices were taken from the leg, shoulder, and rib, and in addition the 
liver, for determinations of moisture, fat, and protein. After drying, the 
analysis showed that these cuts were very much alike in composition. For 
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Fic. 3. Growth of male calves over period of 40 weeks. 


details of this analysis see Table 1. As an example, the slice from the leg 
of the basal animal contained 76.95 per cent of protein (dry basis), urea 
animal 76.45, ammonium bicarbonate animal 80.49, casein animal 79.88. 
These results would indicate that the increment in weight was of a con- 
stant composition and that the amount of protein in this increment was just 
as high on the very slow growth producing basal ration as on the ammonium 
bicarbonate ration, and that the protein in the growth increment of the am- 
monium bicarbonate and urea animals was just as high as in the casein ani- 
mal. One can be fairly sure then that in this instance the growth record 
ean be taken as proof of the utilization or partial utilization of ammonia and 
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TABLE 1 
Experiment 1. Composition of tissues dried at 98° C. 


Protein content (N x 6.25) 


Basal Urea NH, Casein 
% % % % 
nD 76.9 76.4 80.4 79.8 
Shoulder cut ... 71.4 65.3 71.3 65.2 
Rib cut ................ 65.8 72.4 69.4 65.5 
Liver ; 59.8 63.5 70.3 62.0 
Fat 

15.6 14.2 | 10.5 13.6 
Shoulder cut 4 24.6 25.5 22.2 29.5 
Rib cut ; 28.6 22.5 21.9 29.0 


Liver 11.3 9.8 11.4 | 11.3 


urea through the intervention of bacteria in the rumen for the manufacture 
of protein. If the increment in weight is taken and the amount of protein 
determined in it over the entire period of the experiment, the data show 
that the control animal stored 35 pounds of protein, the urea animal 61.5, the 
ammonium bicarbonate animal 55, and the casein animal 86 pounds. It is 
evident that there was not as complete utilization of either the urea or am- 
monium bicarbonate nitrogen at the level fed as in the case of the casein. 
What level of urea or ammonium bicarbonate intake would serve best for 
maximum utilization must be determined by additional experiments. 


SECOND EXPERIMENT 
In the fall of 1937 another experiment was set up involving 6 Holstein 
heifer calves. The basal ration was modified to contain less protein by 
reduction of the corn in the ration, and corn molasses was included from 
the beginning of the experiment. The composition of the basal ration fol- 
lows : 


Ground timothy hay ..... 
Special steamed bone meal ........... 
Salt 
Cod liver oil 05 * 


In the above ration 10 pounds of corn molasses, containing 25 per cent 
of water and free from nitrogen, was used. This ration contained 5.38 per 
cent of total protein (N x 6.25). 


Calf 1 received the basal ration. 

Calf 2 received the basal ration +1.4 pounds urea per 100 pounds of 
ration. ‘Total protein (N x 6.25) =9.49 per cent. 43 per cent of nitrogen of 
ration from urea. 
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Calf 3 received the basal ration + 2.8 pounds urea per 100 pounds of ra- 
tion. Total protein (N x 6.25) =13.70 per cent. 61 per cent of nitrogen 
from urea. 

Calf 4 received the basal ration + 4.3 pounds of urea per 100 pounds of 
ration. Total protein (N x 6.25) = 17.64 per cent. 70 per cent of nitrogen 
from urea. 

Calf 5 received the basal ration + 11.1 pounds ammonium bicarbonate per 
100 pounds of ration. Total protein (N x 6.25) = 17.04 per cent. 69 per 
cent of nitrogen from ammonium salt. 

Calf 6 received the basal ration + 11 pounds of casein per 100 pounds of 
ration. Total protein (N x 6.25) =15.52 per cent. 66 per cent of nitrogen 
from casein. 


The supplements were made at the expense of the combined amounts of 
corn, starch, and hay. The calves were vigorous Holstein heifers and had 
an initial weight of 250 to 290 pounds. The heavier calf (290 pounds) was 
used for the basal ration and the 250 pound calf for the casein ration. 
Weather permitting they were turned out daily in a vegetation-free paddock. 
Equalized feeding was practiced throughout the entire experiment. Incre- 
ments of intake were gradually made from week to week but all calves re- 
ceived equivalent allowances. The daily initial intake was 5.5 pounds and 
at the end of the experiment each animal was receiving 12.2 pounds daily. 
The appetites were good, but Number 1 on the basal ration was slow in com- 
plete consumption, sometimes requiring the entire day. On this basal ration 
no growth took place. The animal’s coat became rough and shaggy, con- 
sumption was slow, the gait listless, and general condition poor. Constipa- 
tion prevailed. There was no constipation in any of the other calves. Ap- 
parently the protein level was sufficiently low in this control ration to check 
growth but allow maintenance. There was no increment in weight for 12 
weeks. In all other individuals, with the urea, ammonium bicarbonate, or 
casein supplements, definite growth was made from the initiation of the 
experiment. In the case of calves 3 and 4, where higher levels of urea were 
ingested, there was definite diuresis. In Table 2 are recorded the analyses 
of the blood of all individuals in respect to urea nitrogen, non-protein nitro- 
gen, serum protein, and total protein. The blood samples were taken April 
15, 1938 and one week before the control animal was given the basal ration 
supplemented with urea. It will be seen from the data that the serum pro- 
tein was normal and constant in all animals. The control animal had not, 
at that time of analysis, shown a reduction in serum proteins. As was ex- 
pected, the urea content of the blood varied, but in no case was it above the 
normal range. Total protein of the blood also was constant. 

After 12 weeks on the basal ration, during which time there was no in- 
crease in weight, the ration of calf No. 1 was fortified with 1.4 pounds of 
urea per 100 pounds of feed. This made the composition of the ration 
identical with that fed calf No. 2. It was rather remarkable to note the 
change in this animal’s condition ; within 2 to 3 days the appetite quickened, 
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TABLE 2 


Experiment 2. Blood composition 
4/15/38 


Animal 1 2 3 4 5 6 
Urea N Mg./100 ee. 9.5 11.6 16.7 18.6 15.0 11.5 
NPN Mg./100 ce. : 27.9 31.9 39.2 43.4 34.1 30.9 
Total protein per cent 17.6 18.35 16.95 17.49 17.45 17.40 
Serum protein per cent 6.32 6.63 6.26 6.47 6.36 6.68 


general apathy changed for the better and in the first week after the change 
in the ration there was an increase in weight of 11 pounds. Growth con- 
tinued for 9 months at the rate of 1 pound per day, which was but slightly 
less than the growth rate of the casein fed calf (1.2 pounds per day) over a 
period of 10.5 months. 

On June 28, 1938, the blood of all the calves was again analyzed for urea, 
non-protein nitrogen, serum protein, and total protein. These data are 
recorded in Table 3. Again the urea nitrogen was fairly constant, running 


TABLE 3 
Experiment 2. Blood composition 
6/28/38 

Animal 1 2 3 4 5 6 
Urea N Mg./100 ee. ..... 14.1 10.6 13.2 16.4 | 113 12.8 
NPN Mg./100 ee. ........ 33.6 | 31.55 36.8 40.7 31.0 30.9 
Total protein per cent | 16.57 17.24 14.34 17.0 13.78 14.93 
Serum protein per cent 6.61 7.05 5.77 6.56 5.77 6.31 


at a slightly higher level in animal No. 4 which received the high urea ration. 
Total blood protein and serum protein were within the normal ranges. In 
Figure 4 can be seen the growth curves of all the animals over a period of 24 
weeks. Number 1, after the change to the low urea level (1.4 pounds per 
100 pounds of feed), No. 2, and the casein fed animal No. 6, grew quite alike 
and at t'mes at a rate of 1 pound or more per day. This rate of growth is 
sub-normal, but for the type of ration used must be considered fairly good. 
Numbers 3, 4, and 5, all of which received the higher levels of urea or am- 
monium bicarbonate, did not make as rapid gains as the other 3 and averaged 
about 0.9 pound per day. Whether this was due to individual variation or 
to too high a concentration of the simple nitrogen compounds cannot be 
stated at present. Surely on the high levels of urea there was some waste 
of nitrogen as shown by the diuretie effect and the somewhat higher urea 
content of the blood. 

When the animals had reached 592-678 pounds in weight, with gains of 
307 to 427 pounds, and had been on these experimental rations for 12 months, 
they were slaughtered. As in the first experiment, cuts from the rib, 
shoulder, and leg were taken, and in addition the liver for determination of 
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moisture, protein, fat and extractive non-coagulable nitrogen from the leg 
muscle. These data are displayed in Table 4. 

The non-coagulable extractable nitrogen was made by taking 10 grams 
of the dry sample of leg muscle plus 50 ce. of water, heating to boiling for 
4—5 minutes, cooling, and then filtering. The precipitate was washed twice 
with water and the nitrogen determined in this filtrate. It can be seen from 
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Fie. 4. Growth of heifer calves. Second experiment. 
No. 1—Basal and basal +1.4 Ibs. urea. 
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the data in Table 4 that there is no indication that the urea or ammonium 
bicarbonate fed heifers contained more extractable nitrogen in the cut from 
the leg than did the casein fed animal. The blood data would also support 
the conclusion that, possibly with the exception of the animal receiving the 
high urea, there was no appreciable increase of urea in the blood, and conse- 
quently no holding by the tissues of soluble nitrogen. The data in Table 4 
also show that the various cuts were quite alike in their protein content and 
that the urea-fed animals, as well as the ammonium bicarbonate-fed animal, 
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Fig. 5. Growth of heifer calves. Second experiment. Daily gain last 13 weeks: 
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TABLE 4 
Experiment 2. Composition of tissues (dried at 102° C.) 
Protein content (N x 6.25) 
No. 2 No. 5 
No.1 | Low urea | No.4 | Ammo- 
Low urea| thenlow | “4.6, | High urea nium bi- 4 
casein | carbonate 
% % % % % % 
Leg cut .... 84.6 86.2 89.4 85.9 85.5 85.3 
Shoulder cut 84.8 87.3 87.9 87.0 83.7 83.8 
Rib cut 54.4 57.3 68.3 58.2 58.2 54.8 
Liver , 62.1 62.8 66.3 65.1 64.7 64.3 
Soluble non-coagulable 
protein (N x 6.25) 
Leg .. iisbligniaees 8.0 7.5 6.9 7.6 6.9 7.2 
Fat content 
Leg cut ....... 69 | 10.0 5.1 9.1 9.0 11.0 
Shoulder cut 10.3 8.0 7.5 8.0 10.8 14.2 
Rib cut 44.9 42.4 29.9 41.4 41.3 44.9 
Liver . 4.9 6.0 7.2 6.7 7.7 6.1 
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built tissue quite comparable in gross composition with the tissues built by 
the animal fed high casein. 

At the time these animals were killed, food was withheld on the morning 
of the day of killing, which took place from 9 A.M. to 12 noon. Samples of 
rumen content lying next to the walls were taken for bacteriological examina- 
tion as well as reaction. Those examined were No. 1 (low urea), No. 4 (high 
urea), and No. 6 (casein). The reaction of the material showed a pH of 7.8, 
7.6, and 7.8 respectively. The bacterial cultures revealed no essential quali- 
tative differences. On each of the media used the material from the animal 
fed casein contained greater numbers of bacteria than did the other two. 
The numbers, however, were not significantly greater. The reaction of the 
rumen content was in agreement with that observed by Monroe and Perkins 
(2) in eattle fed timothy hay and grain, or timothy hay, grain, and corn 
silage. These investigators found that the reaction of the rumen content 
was about pH 7.5 before feeding and then the pH decreased to approximately 
6.5 in 3-4 hours after feeding—after which it slowly rose again to 7.5. In 
their experiments it made no difference in the trend of the reaction whether 
the animal received hay and grain or hay, grain, and corn silage. Appar- 
ently the rumen content is subject to considerable mixing with the saliva, 
which may have a pH as high as 8.4. 

As a matter of record it should be stated that all of these animals showed 
regular recurring estrous cycles. 

At the time of killing the kidneys were removed and subjected to careful 
histological examination for evidence of pathological change. Grossly the 
only animal showing any hypertrophy of the kidney or evidence of kidney 
lesions was animal No. 4. This animal received the high urea level and 
showed considerable diuresis. Animal No. 1, which received 1.4 pounds of 
urea in 100 pounds of the ration, showed perfectly normal kidneys and no 
hypertrophy. 

This amount of urea per 100 pounds of the total ration (1.4 pounds) is 
considerably above what would be recommended in practice for dairy cattle 
feeding, should the use of urea come into practice. On any low protein 
ration for dairy cattle, such as timothy hay, corn silage, and a home grown 
grain mixture of 50-50 corn and oats, not over 3 pounds of urea per 100 
pounds of the grain mixture would be needed. Since the grain mixture 
would constitute about 1/3 of the total dry matter intake of the ration, urea 
would actually constitute about 1 pound in 100 pounds of the entire ration 
(dry matter basis). This is considerably less than the lowest level we used, 
namely, 1.4 pounds of urea per 100 pounds of ration. Consequently we 
would not anticipate, if urea feeding should come into practice and the levels 
indicated were used, that there would be any damage whatever to the kidney. 

1 We wish to thank Professor Hastings and his assistants for making the bacteriologi- 


eal examinations and determining the reaction of the rumen content, and Dr. P. H. Phillips 
for the histological examination of the kidneys. 
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Fic. 6. No. 1. Weight 295 pounds at 
start of experiment. Fed the basal ration 
for 12 weeks. No growth. Then changed 
to low urea ration for 10 months. Weight 
600 pounds when slaughtered. Gain in 
weight in the 10 months 305 pounds. 

No. 2. Initial weight 267 pounds. Fed 
low urea ration 9 months. Then changed 
to casein equivalent in N to the urea. On 
the latter ration 17 weeks. Weight at 
slaughter 653 pounds. Total gain over en- 
tire period of urea and casein feeding 386 


pounds, 
No. 4. Initial weight 264 pounds. High urea ration. Weight 592 pounds at slaugh- 
ter. Gain 328 pounds. 
No. 5. Initial weight 273 pounds. Ammonium bicarbonate ration. Weight at 
slaughter 608 pounds. Gain 335 pounds. 
No. 6. Initial weight 251 pounds. High casein ration. Weight at slaughter 678 
pounds, Gain 427 pounds. 


Detailed histological studies showed that No. 1 (low urea), No. 2 (low 
urea and low casein), No. 5 (ammonium bicarbonate), and No. 6 (high 
casein) had normal kidneys and the only evidence of histological disturbance 
was a slight congestion in the kidneys of all animals. 
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No. 3 (medium urea) showed such tissues, as the spleen, liver, and muscle, 
to be normal; but the kidney showed slight but definite evidence of damage. 

No. 4 (high urea) showed the spleen and muscle as normal. In the liver 
there were areas of necrosis. The kidney was badly damaged with hyaline 
degeneration and many casts in the tubules. 


DISCUSSION 


The data-from the two experiments indicate definitely that urea and 
ammonium bicarbonate nitrogen can be used by growing heifers when part 
of the protein comes from grains and timothy hay. In the case of urea 
feeding, high levels of intake led to diuresis and a slight increase of urea level 
in the blood. Apparently somewhat better utilization and little if any diu- 
retic effect was obtained when the level of urea was 43 per cent of the nitro- 
gen ingested as compared with the higher levels of 66 and 70 per cent. 
Further experiments must determine if lower levels of urea than those used 
in these experiments would be still more effective. Our experience with am- 
monium bicarbonate is limited to the two levels of 66 and 69 per cent of the 
nitrogen ingested. Here again better utilization may take place at lower 
concentrations. The ration containing ammonium bicarbonate lost some of 
its nitrogen on standing, the odor of ammonia being apparent. In one 
analytical run the total protein (N x 6.25) of the ration receded to 12.2 per 
cent from the initial theoretical amount of 17.0 per cent. 

It is probable that ammonium bicarbonate would be less suitable as a 
simple form of nitrogen than urea. It is apparent from present experience 
that best utilization of these simple nitrogen compounds will take place when 
the ration contains some readily soluble sugar. This seemed to be the indica- 
tion from our first experiment but further trials will be needed to determine 
whether this is always the case. Apparently the medium for bacterial mul- 
tiplication would be improved by the ingestion of some soluble carbohydrate. 
The most logical theory for the utilization of these simple nitrogenous ma- 
terials could be stated as follows: The bacteria of the rumen find the medium 
of simple nitrogenous salts and sugar an excellent one in which to grow. 
Through their multiplication they build proteins which would contain the 
amino acids necessary as supplements to the proteins of the ration. These 
bacterial cells pass from the rumen to the fourth stomach where they are 
digested and become just so much protein for the animal. This seems to be 
the simplest explanation at present. Apparently there must be some protein 
in the ration for effective utilization of urea. With lambs Morrison and 
associates? secured practically no storage of nitrogen where urea nitrogen 
constituted nearly all of the nitrogen of the ration. One would infer from 
their experiments that bacterial cell proteins formed in the rumen of the 
lamb were incomplete in respect to the essential amino acids. 

It should be emphasized that utilization of simple forms of nitrogen 


2 Private communication to Professor Bohstedt. 
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would be expected only in polygastric animals such as sheep, goats, and 
cows, and not in pigs or chickens. 

There are some practical aspects of the problem worth mentioning. First, 
in the making of molasses legume silage, some of the protein nitrogen is con- 
verted to ammonia. It is apparent that this degradation may not mean a 
complete or even a partial loss of nitrogen. Second, it is also apparent that 
fertilization of pastures with nitrogen salts, whereby the nitrogen of the 
plant is appreciably increased, would mean that this increased nitrogen 
could in all probability be utilized by this type of animal just as well as if it 
were finished protein. Third, it is entirely possible that the improvement of 
a low protein ration of poor biological value can be made through the use of 
molasses and urea or possibly through urea alone; that the proteins formed 
in these bacterial cells may supplement the rest of the ration better than some 
protein concentrates that are now in use. This is a problem for the future. 


SUMMARY 


1. Two separate experiments involving the utilization of urea and am- 
monium bicarbonate nitrogen with 10 growing calves have been conducted. 

2. The experiments indicate definitely that such nitrogen can be used 
for at least a partial supply of protein nitrogen. The most probable ex- 
planation is the production of protein by bacterial cell multiplication in the 
rumen and later digestion in the fourth stomach and intestine. Apparently 
most efficient utilization occurs when some soluble sugar such as corn molasses 
is fed in the ration. 

3. With urea nitrogen constituting 43 per cent of the nitrogen of the 
ration the growth rate was but slightly less than that secured with a ration 
containing 66 per cent of its nitrogen as casein nitrogen. This does not 
imply that urea nitrogen in the ration used is superior to casein nitrogen. 

4. Where casein nitrogen constituted 43 per cent of the total nitrogen of 
the ration, as in the case of animal No. 2, the growth rate over a period of 16 
weeks was 1.5 pounds daily as compared with 1.3 pounds daily for the com- 
parable level of urea nitrogen. 

5. The nitrogen of ammonium bicarbonate was also utilized. 

6. Analysis of the tissues at the end of the experiment indicated that the 
increments in weight with urea or ammonium bicarbonate nitrogen were of 
normal composition with a protein content similar to that of the casein fed 
animal. Extractable non-coagulable nitrogen was no greater in the leg 
tissues of the urea or ammonium bicarbonate animal than in the tissues of 
the casein animal. 
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THE INFLUENCE OF THE PHYSICAL CHARACTER OF THE 
ROUGHAGE ON THE PER CENT OF FAT SECRETED 
IN THE MILK* 
DWIGHT ESPE anp C. Y. CANNON 
Iowa Agricultural Experiment Station 


Recently it was reported: ‘‘the fat content of the milk produced may be 
varied more than sixty per cent, at will, for the entire lactation by changing 
the physical characteristics of the roughage which the cow receives. This 
can be done at will and without changing the quantity of milk produced.’” 
Two trials at this Station, in which the roughage was ground, should throw 
additional light on this subject. In the first double-reversal trial, a grain 
mixture consisting of three parts ground corn, three parts ground oats and 
one part linseed oil meal was fed, together with corn silage and a good grade 
of alfalfa hay. During alternate periods the alfalfa was cut into lengths 
of one-fourth inch and fed mixed with the grain. Actually much of the 
alfalfa was reduced to a powder or was in the nature of a finely ground meal. 
Four animals in each group completed the trial. The results of this trial are 
shown in Figure 1. 
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Fic. 1. Results obtained when uncut alfalfa was compared with fine cut, ‘‘ ground,’’ 
alfalfa for dairy cows. The four-week periods in which the roughage was uncut are 
shown by cross-hatching. 
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2 PowELL, E. B. One cause of fat variation in milk. Mimeographed abstract of 
paper presented at the annual meeting of the American Society of Animal Production, 
Chicago, December, 1938. 


| 
} 
|| 


800 DWIGHT ESPE AND C. Y. CANNON 


In the second double-reversal trial, a grain mixture consisting of two 
parts of ground corn, two parts ground oats and one part linseed oil meal 
was fed, together with corn silage, alfalfa hay and corn fodder. About 
seven and one-half pounds of uncut alfalfa was fed daily to each cow in each 
period of this experiment. During alternate periods approximately half 
of the silage was replaced with a mixture of 40 parts mow-cured alfalfa and 
60 parts corn fodder, ground as in Experiment I. The amount of ground 
roughage fed varied between 10 and 15 pounds, depending on the cow. The 
daily intake of total digestible nutrients, the amount of fat corrected milk 
produced daily and the percentage of fat in the milk for each period are 
shown in Figure 2. In this trial, the data on five cows in group A and four 
cows in group B were available for the three periods. 
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Fic. 2. Results obtained when part of the silage was replaced by a mixture of finely 
cut, ‘‘ground,’’ alfalfa and corn fodder in the ration of dairy cows. The five-week 
periods in which the roughage was cut are shown by cross-hatching. 


From the results shown in these two graphs it is evident that the per- 
centage of fat in the milk was not materially influenced by grinding to a 
meal the dry roughage in the ration. 

In the first experiment where ground alfalfa hay was fed, the average 
daily intake of total digestible nutrients was remarkably constant for the 
three periods. As would be expected with advancing lactation there was a 
slight drop in the amount of milk (in terms of four per cent milk) secreted. 
The per cent of fat in the milk failed to show any upward trend during the 
twelve weeks in which the trial was being conducted. Neither is any upward 
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or downward trend indicated in the per cent of fat in the milk as a result 
of changing the physical character of the dry roughage fed. 

Very similar results were obtained in Experiment Il. Here the total 
digestible nutrient intake was slightly higher during the periods in which 
ground roughage was fed. However, the net energy available would not 
vary greatly. The amount of milk (in terms of four per cent milk) secreted 
was even more constant for the three periods than in Experiment I while 
the percentage of fat in the milk varied slightly. In this trial, the per- 
eentage of fat in the milk of both groups frequently moved in the same 
direction, even though they were on different rations, indicating that prob- 
ably the environment and neither the stage of lactation nor type of feed 
caused the fluctuation in fat percentage. 

In the work referred to in our introductory statement, no explanation 
was given why the per cent of fat in the milk should vary on changing the 
physical character of the roughage and we see no reason why the test should 
change under these circumstances. The results of trials at this Station 
which have been presented do not confirm the conclusion that changing the 
physical characteristics of the roughages will influence the fat percentage of 
milk. It is recognized that in these experiments, which were originally set 
up to study the cost of grinding roughage, no trials were run in which all 
of the roughage, both hay and silage, in the ration was ground. Had this 
been done, it might have given entirely different results. 
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CAROTENE INTAKE, LEVEL OF BLOOD PLASMA CAROTENE, 
AND THE DEVELOPMENT OF PAPILLARY EDEMA 
AND NYCTALOPIA IN CALVES* 


A. MOORE 
Mich. Agr. Exp. Sta., East Lansing 


In a previous publication Moore, Huffman, and Duncan (1) summarized 
the literature and reported observations on 24 cases of a type of blindness 
in the bovine due to a constriction of the optic nerve where it passes through 
the bony optic canal. The evidence indicated that the blindness was of a 
nutritional origin. Moore (2) has recently presented evidence to show that 
the blindness was due to a deficiency of vitamin A and was associated with 
the development of nyctalopia and papillary edema. Nyctalopia is a condi- 
tion of night blindness in which the individual fails to see properly in dim 
light, but can see in bright light. Papillary edema is a swelling or an edema 
of the nerve head in the eye. In order to diagnose the latter condition it is 
necessary to examine the nerve head with an ophthalmoscope. For further 
details and a discussion of these conditions the previous paper may be con- 
sulted (2). Cunningham and Addington (3) have recently published re- 
sults showing the type of blindness due to constriction of the optic nerve in 
calves whose dams received a ration of ground Hegari fodder and cottonseed 
meal. MeNutt and Wall (4) have also reported the same type of blindness 
in feeder steers in Iowa. It is the purpose of this paper to show the rela- 
tionship between carotene intake and the level of plasma carotene on the 
development of nyctalopia and papillary edema in calves when the carotene 
intake was under control. 


EXPERIMENTAL 


Plasma carotene determinations were made each week according to a 
recently published method (5). For the carotene determinations of the 
alfalfa meal the extractions were carried out by the method of Guilbert as 
modified by Peterson, et al. (6) and determined by the use of a photoelectric 
colorimeter. 

Male calves of the Holstein and Ayrshire breeds were used. They re- 
ceived a low carotene ration after 40-90 days of age which consisted of 
skimmed milk and a concentrate mixture consisting of 240 pounds barley, 
180 pounds rolled oats, 180 pounds wheat bran, 60 pounds linseed oil meal 
and 8 pounds salt. Previous to being placed on the ration the calves received 
whole milk and the low carotene concentrate ration. The concentrate ration 
contained 0.5 to 0.7 microgram of carotene per gram so that each calf re- 
ceived 2 to 3 micrograms of carotene per pound of body weight from this 
source. Wood shavings were used as bedding. 

* Journal Article No. 360 (n.s.) Michigan Agr. Exp. Sta. 
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After the calves were placed on the low carotene ration, ophthalmoscopic 
examinations were made weekly. The calves were tested for night blindness 
each week by attempting to run them into objects and observing their be- 
havior in dim light, a method similar to that used by Guilbert and Hart (7). 
The calves were weighed every 10 days at which time adjustments were 
made in the amounts of carotene fed. 
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In order to compare the level of blood plasma carotene of a normally fed 
calf with the experimental animals, graph I shows the plasma carotene con- 
tent of calf A25. This calf received whole milk to 80 days of age, a concen- 
trate ration and alfalfa in liberal quantities after 30 days of age. It will be 
noted that a different scale for plasma carotene was used in this graph than 
in the graphs for the experimental animals. 

Calf C407, an Ayrshire, was placed on the low carotene ration at 40 days 
of age and the principal results are shown in graph Il. This calf was myopic 
by 2 to 3 diopters at the beginning of the experiment. At 81 days of age 
there was some suspicion of nyctalopia which was definite at 88 days. At 
97 days of age there was some definite swelling of the nerve head and the 
orange yellow color of the tapetum lucidum was bleached. By this time the 
plasma carotene had dropped to 0.1 microgram per ml. At 105 days of age 
alfalfa was added to the ration which supplied 7 micrograms of carotene per 
pound of body weight or approximately one-half of the Guilbert and Hart 
(7) requirements. This was in addition to that received in the ration. 
The edema of the nerve head continued to increase so that the margins were 
completely blurred. The calf coughed considerably and scoured. The 
plasma carotene continued at an extremely low level. During part of this 
period the calf was only partially night blind. The left eye showed exoph- 
thalmus and the capillaries of the retina showed considerable distension. 
At 183 days of age the calf was in such poor condition that it was necessary 
to inerease the carotene intake to 14 micrograms per pound. Nine days 
later the calf was no longer nyctalopic but showed exophthalmos in both 
eyes. The animal showed gradual improvement in condition and the plasma 
carotene gradually increased. The edema of the nerve heads decreased con- 
siderably. However, this animal never regained his full activity nor physical 
appearance, and always moved about rather slowly. He probably came very 
near to developing the permanent type of blindness due to constriction of the 
optie nerve so that the visual acuity was possibly decreased some by post 
papillitie atrophy. 

Calf C398, an Ayrshire, was placed on the low carotene ration at 86 days 
of age as shown in graph III. This animal had a congenital posterior lenti- 
conus in both eyes making it difficult to examine the nerve head. At 206 
days of age this animal showed nyctalopia and papillary edema. At 216 
days when the swelling of the nerve heads had increased to 2 diopters, alfalfa 
was added to the ration supplying 14 micrograms of carotene per pound of 
body weight. Eighteen days later the calf was no longer night blind. The 
papillary edema receded very slowly and was still present after one year of 
supplemental feeding at the 14 microgram level. The plasma carotene 
inereased gradually after the supplemental feeding. 

Calf C404, also an Ayrshire, was placed on the low carotene ration at 78 
days of age as shown in graph IV. At 129 days there was definite edema 
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of the nerve heads of both eyes, the right eye showed a choking of 1.5 D while 
the left eve showed a choking of one-half D. Partial night blindness was 
also observed and the tapetum lucidum of both eves showed considerable 
bleaching. The plasma carotene had decreased to the 0.1 microgram level. 

Alfalfa supplying 14 micrograms of carotene per pound of body weight 
was added at 131 days and after 8 days this calf was no longer night blind. 
The plasma carotene increased considerably and then decreased later for 
some unknown reason. At this time the nerve head of the right eye showed 
some increase in edema and at 242 days there were some indications of night 
blindness. At 435 days of age the condition of the eye ground showed little 
change from that noted at 218 days and although the tapetum lucidum took 
up some slight color it never assumed the orange yellow color which is normal 
for the structure. It will be noted that the plasma carotene remained quite 
low after the addition of the alfalfa and it was not until the latter stage of 
the experiment that the values rose above 0.2 microgram per ml. 

Calf C402, a Holstein, was placed on the low carotene ration at 63 days of 
age, as illustrated in graph V, and showed evidence of papillary edema at 
122 days of age at which time the plasma carotene had declined to a low 
level. Alfalfa supplying 14 micrograms per pound of body weight was 
added to the ration, and this allowance was increased later to 28 micrograms 
after which the plasma carotene increased from 0.04 to 0.5 microgram per 
ml. At 174 days the alfalfa was removed from the ration and the plasma 
carotene started to decline. At 213 days the calf died due to injuries not 
related to the experiment. 

Calf C412, a Holstein, started to receive the low carotene ration at 90 
days of age and at 161 days definite papillary edema developed as shown in 
graph VI. At 182 days definite nyctalopia was present. At 203 days the 
edema had increased considerably in the left eye so that there was a choking 
of 2 D. Many of the capillaries and small vessels at the edge of the nerve 
head also showed considerable fusiform dilation at this time. At 225 days 
the pupil of the left eye did not react to light stimulation and showed 
mydriasis. By means of covering each eye separately it was found that in 
daylight the calf was completely blind in the left eye but could still see well 
out of the right eye. However, in the dark the animal showed complete night 
blindness. Both eyes showed some exophthalmus. It will be noted that the 
plasma carotene had remained at an extremely low level during this period. 
At 228 days carotene was added to the ration in the form of alfalfa hay in 
an attempt to preserve the sight of the right eye. The attempt was success- 
ful for at the age of 480 days the calf could still see. The addition of the 
alfalfa promoted an immediate rise in the plasma carotene. 

Calf C403, a Holstein, was placed on the low carotene ration at 52 days 
of age and night blindness developed at 125 days of age as shown by graph 
VII. Papillary edema was not present. At 127 days alfalfa supplying 


— 


| 
| | 
5 
| . | 
| 
{ 


PAPILLARY EDEMA AND NYCTALOPIA IN CALVES 807 


carotene at the rate of 28 micrograms was added. Five days later the night 
blindness had disappeared and the carotene content of the blood plasma 
increased from 0.03 to 0.34 microgram per ml. by 169 days at which time the 
alfalfa was discontinued. ‘‘Caritol’’ supplying 28 micrograms of carotene 
per pound was added at 179 days. However, the plasma carotene appeared 
to decrease further so that at 205 days the alfalfa was substituted after which 
there was a steady increase in the level of plasma cavotene. 
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Calf C400, an Ayrshire, as shown in graph VIII, was placed on the low 
carotene ration at 82 days of age and at 142 days the right eye showed a 
choking of 1 D and considerable edema was present on the dorsal edge of 
the nerve head. The left eye showed no choking but the nerve head was 
somewhat hazy. By this time the plasma carotene level had dropped to .04 
microgram per ml. At 148 days there was considerable hemorrhage on the 
retina of the left eye along the vertical vessel. The hemorrhage was 2 em. 
in length and 1 em. in width as seen through the ophthalmoscope. There 
was also some involvement of the anterior chamber. At this time there was 


{ 
5 
| 34 7 
2 
| 04+ 
of 
& 
| 0 
{ 
3 
on 


808 L. A. MOORE 


no indication of night blindness. At 150 days alfalfa was added to supply 
56 micrograms of carotene per pound of body weight. At 162 days both 
eyes showed a choking of 2 D and the nerve margins were entirely blurred. 
The hemorrhage in the left eye was present until 185 days although it 
gradually decreased in size during this period. At 193 days the feeding of 
alfalfa was discontinued whereupon the plasma carotene began to decrease. 
At 227 days it had dropped to 0.1 microgram per ml. and the calf showed 
nyctalopia. At 236 days carotene feeding was resumed at the previous rate 
and 8 days later evidence of night blindness had disappeared. The plasma 
carotene showed a gradual rise and attained values up to 0.6 microgram per 
ml. The edema of the nerve heads seemed to persist and the area previously 
covered by hemorrhage gradually assumed a greenish blue color. At 350 
days the edema of the left eye had receded considerably and about two-thirds 
of the margins of the nerve head were discernible. The fibers of the nerve 
head could again be seen. At 415 days the edema in both eyes had largely 
disappeared and both eyes appeared to be quite normal except for the dis- 
colored area in the left eye due to previous hemorrhage. 

Calf C399, a Holstein, was placed on the low carotene ration at 86 days 
of age as shown in graph IX and at 150 days showed evidence of papillary 
edema with a choking of 2 D in the left eye but was not night blind. At this 
time alfalfa was added supplying 14 micrograms of carotene per pound. 
At 159 days the calf showed evidence of nyctalopia and had a convulsion in 
the pen at the time of testing for night blindness. Because of the animal’s 
apparent poor condition the allowance was further increased to 28 micro- 
grams. At 164 days the right eye showed a choking of 1.5 D and the left eye 
3 D. The development of a posterior polar cataract was observed in the 
right eye. At 166 days the alfalfa intake was increased so as to supply 56 
micrograms of carotene per pound. The alfalfa was discontinued at 208 
days and at 226 days nyectalopia was observed again. The plasma carotene 
had dropped to 0.2 microgram per ml. ‘‘Caritol’’ was added at 230 days and 
the calf was no longer night blind 6 days later. The ‘‘Caritol’’ was supposed 
to supply 56 micrograms of carotene per pound of body weight. The level 
of plasma carotene increased for a while and then decreased. The ‘‘Caritol’’ 
mixture apparently underwent auto-oxidation after a preliminary induction 
period so that no comparison could be made as to the effectiveness of this 
source of carotene. 

The calf was in rather poor condition at 419 days, had a few convulsions 
and showed incoordination. The plasma carotene had decreased to the 
0.05 microgram level, and at 425 days alfalfa supplying 10 micrograms of 
carotene per pound of body weight was added. During this period, observa- 
tions on night blindness were not made because of the further development 
of the cataract in the right eye which would complicate the observations. At 
458 days the calf went entirely blind so that the 10 microgram level did not 
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prevent the further development of this condition. It will be noted that the 
plasma carotene level remained at about 0.2 microgram per ml. At this 
level of carotene intake the incoordination disappeared but the calf never 
seemed to pick up in physical appearance to any extent. 


DISCUSSION 


From the results obtained from this group of Holstein and Ayrshire 
calves it was found that when the level of plasma carotene fell to approxi- 
mately 0.13 microgram per ml. or below, nyctalopia and papillary edema 
were likely to develop in a short while. Furthermore, if continued, the per- 
manent type of blindness might also develop as in the case of calves C412 and 
C399. C412 remained at an extremely low level for over 3 months before 
the blindness developed. There are of course individual variations. 

When the calves were placed on the low carotene ration at 40 to 90 days 
of age, nyctalopia developed in from 48 to 73 days while one animal, C398, 
went for 120 days which seemed to be the exception. The calves received 
whole milk as the only source of vitamin A up to the time they were placed 
on the low carotene ration. Papillary edema developed at about the same 
time although there were some variations. These variations are due to the 
fact_that the two conditions are the result of two different processes as ex- 
plained in a previous paper. It seems probable that with the method used 
only the later stages of night blindness were detected. 

The nyectalopia could be cured in from 5 to 18 days by the addition of 
carotene to the ration. 

From the results obtained from Calf C407, the addition of 7 micrograms 
of carotene per pound of body weight to the basal ration, which would make 
the total intake about 9 micrograms per pound, was not sufficient to raise the 
level of plasma carotene above 0.2 microgram per ml. This level did not 
prevent nyctalopia or further development of papillary edema. Further- 
more, the ealf showed evidence of bronchitis, diarrhea and general unthrifti- 
ness during this period all of which are evidence of insufficient vitamin A 
intake. When the carotene intake from alfalfa was increased to 14 micro- 
grams the nyctalopia and bronchitis disappeared and the general appearance 
of the animal improved. 

Calf C399 which received 10 micrograms of carotene per pound of body 
weight after 425 days of age, plus that in the basal ration making the total 
intake about 12 to 13 micrograms, maintained plasma carotene at about the 
0.2 microgram level. This would indicate that the calf was receiving about 
the minimum maintenance level. This intake would be just slightly below 
the minimum requirements set up by Guilbert and Hart (7). 

From the results obtained from calves C407, C398, and C404 where the 
carotene intake was adjusted at 14 micrograms per pound of body weight 
plus that contained in the basal .ration which would make the total intake 
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about 16 micrograms per pound, the level of plasma carotene increased very 
gradually but never attained very high values. This gradual increase would 
indicate that some slight storage of vitamin A was taking place at this level. 
It will be noted that there are individual variations in this respect, C404 
remaining below 0.2 microgram per ml. for a considerable period. It was 
felt throughout the experiment that this calf was always on the verge of 
vitamin A deficiency. 

It will be noted further that at this level of intake while nyctalopia was 
prevented, the papillary edema in calf C404 showed some increase, C398 was 
static for a considerable period and C407 showed some decrease. Appar- 
ently nyectalopia may be prevented and the outward appearance may be 
normal at this level of intake but it may not be sufficient to keep the cerebro- 
spinal pressure down to normal levels as indicated by the papillary changes. 
Data on this particular relationship will be reported at a later date. 

In calves C412 and C403 which received 28 micrograms of carotene per 
pound of body weight the level of plasma carotene rose to as high as 0.7 
microgram per ml. of plasma showing considerable contrast to the 14 micro- 
gram levels. At this level of intake the calves appeared very thrifty and 
active. The level of plasma carotene of C400 which received 56 micrograms 
of carotene per pound of body weight was not any higher than for calves 
C412 and C403 which received only 28 micrograms and probably indicates 
individual variation. 

By comparing the level of plasma carotene of Calf A25 which received 
alfalfa hay in liberal quantities with the plasma carotene level of the calves 
used in this experiment it will be seen that there is considerable difference. 
In this experiment the plasma carotene values were usually below 0.8 micro- 
gram per ml. while Calf A25 attained values up to 3.0 micrograms per ml. 
during the same period of growth. Mature Holstein cows on pasture may 
attain carotene values up to 15.0 micrograms per ml. of plasma (8). It 
would seem therefore that in the bovine the level of blood plasma carotene 
is subject to wide variations. 

The presence of carotene in blood plasma after the removal of the greater 
part of it from the ration is difficult to explain since the liver is supposed to 
convert it into vitamin A. It would be reasonable to suppose that shortly 
after its removal the carotene in the blood plasma would decrease rapidly 
and be absent in a few days. However this does not appear to be true. In 
calves C402, C403, and C400 there was a gradual decrease in the level of 
plesma carotene after the removal of the alfalfa from the ration and not a 
sudden drop. Unpublished data from mature cows show that when they 
are removed from a normal ration to a low carotene ration the decrease in 
blood carotene is gradual. Semb, Baumann and Steenbock (9) suggest that 
the blood stream can function as a significant storage reserve for carotene. 

The results of this investigation show that the carotene requirements 
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reported by Guilbert and Hart (7) for cattle are approximately correct 
when the criteria of the development of nyctalopia is employed. 

It should be kept in mind that the results obtained on the level of plasma 
carotene were with Holstein and Ayshire calves. Different values on the 
same level of carotene intake might be expected with the Jersey or Guernsey 
breed. 

SUMMARY AND CONCLUSIONS 


1. Calves placed on low carotene rations at 40 to 90 days of age developed 
nyctalopia in from 48 to 73 days. 

2. Papillary edema developed at approximately the same time although 
there were some variations. 

3. An intake of about 9 micrograms of carotene per pound of body 
weight was not sufficient to prevent nyctalopia or an increase in papillary 
edema. 

4. An intake of about 16 micrograms per pound of body weight was 
sufficient to maintain the plasma carotene at 0.2 microgram per ml. and above 
in Holstein and Ayrshire calves. 

5. An intake of 16 micrograms per pound of body weight was sufficient 
to prevent nyctalopia and maintain fair general health. 

6. When the plasma carotene values fell below about 0.13 microgram per 
ml. nyctalopia and papillary edema followed. This value is for Holstein 
and Ayrshire calves. 

7. The carotene requirements of Guilbert and Hart (7) for the bovine 
are approximately correct where nyctalopia is used as a criterion. 
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SOME FACTORS AFFECTING THE STABILITY OF CERTAIN 
MILK PROPERTIES. Il. EFFECT OF SUCCULENT 
ROUGHAGES AND OF STORAGE CONDI- 

TIONS ON COLOR* 

0. F. GARRETT, R. B. ARNOLD anp G. H. HARTMAN 


New Jersey Agricultural Experiment Station, New Brunswick, N. J. 


Cows’ milk contains two classes of yellow pigments one of which is water- 
soluble and the other fat-soluble. The water-soluble pigment is lactoflavin 
(riboflavin). It contributes a comparatively small portion to the total of 
yellow color in milk. The accepted formula (1, 2) indicates that it is an 
oxidized compound and that it can be easily reduced but not so easily oxi- 
dized. It has been shown that comparatively mild oxidizing agents such as 
bromine, nitric acid and nitrous acid have no effect but that stronger agents 
such as chromic acid and permanganate do oxidize the compound (3). It 
would not be expected therefore that very dilute solutions of copper would 
bring about an oxidation of the molecule. 

The fat-soluble pigments of milk belong only to the carotenoid group, 
and of these, carotene (4) greatly predominates. Probably as much as 10 
per cent of the fat pigments (5, 6), however, are xanthophyll (lutein) and 
perhaps zeaxanthin. Carotenoids are not synthesized by higher animals 
and, as Palmer and Eckles (4) showed in 1914, the concentration of carotene 
in milk fat and blood serum varies with the amount of this compound in the 
feed. However, the amount of carotene (7, 8) which finally is secreted into 
the milk is relatively low as compared with the amount ingested by the ani- 
mals. The fact that xanthophyll and zeaxanthin are easily destroyed in the 
digestive tract (7) of cattle may account for their extremely low concentra- 
tion in milk. 

The eleven double bonds in a conjugated system in the carotene molecule 
suggest that the molecule might be rather unstable under unfavorable cir- 
cumstances such as the presence of oxidizing agents. Carotene in ether 
solution is unstable toward light (9). When freed from its natural state, 
but still in an impure condition or in solution, it is quite sensitive to heat 
(5, 10, 11) and quite readily undergoes oxidation in the presence of air. 
Green plants after being cut and when exposed to sunlight and air show 
a rapid decrease in carotene content (12). Baur’s (13, 14) experiments 
show that carotenoids take up oxygen in the presence of light by the addi- 
tion of a large number of moles of oxygen per mole of pigment, resulting 
in complete bleaching and destruction of the compound. Since carotene is 
so sensitive to agents which cause oxidation reactions, it would seem that 
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subjecting milk to the pasteurizing process would result in a considerable 
loss of the pigment, especially if some catalyst such as iron or copper were 
present. Milk, however, loses little, if any, of its vitamin A activity due to 
pasteurization (15) and since vitamin A and carotene are so closely asso- 
ciated, the implication is that no loss of carotene would occur under the same 
conditions. The possibility should not be overlooked, however, that the 
carotene may be split into two molecules of vitamin A by the pasteurizing 
process. Such a split would result in loss of color but no loss in vitamin 
potency. 

In a previous paper, dealing with the stability of milk flavor, it was 
shown that a high positive correlation exists between flavor score and yellow 
color. At the same time the milk flavor studies were being made, data on 
the stability of color were gathered from the same samples of milk. Two 
groups of cows, each consisting of two Holsteins and four Guernseys, were 
fed alternately on beet pulp, corn silage and molasses grass silage as the 
main roughage ration. The feeding periods were for three weeks but a 
transition period of one week intervened between the different roughages. 

Samples of milk from each cow were taken weekly. Half of each sample 
was pasteurized before storage while the other half was stored raw. Before 
storing, however, both the pasteurized and the raw milks were subdivided, 
half of each getting 1.3 parts of soluble copper per million parts of milk. 
The raw milk was analyzed on the first, third and fifth days of storage and 
the pasteurized milk on the second and fifth days for yellow color by the 
‘‘lactochrometer.’’ The lactochrometer theoretically measures the concen- 
tration of all yellow-colored pigments and is not selective for carotene alone. 


00 


Group I 
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Weeks 3 4 5 6 7 8 J0 2 13 iF 8 


GroupI Beet Trans Grass Trans. Beet Trans Corn Trans Beet 
Group Beet Trans Corn Trans Beet Trans Grass Trens Beer 


Fig. 1. The week-by-week trend of the yellow color of the milk produced by the 
two groups of cows. 


Figure 1 shows the week-by-week trend of the yellow color of the milk 
produced by the two groups of cows throughout the experiment. Grass 
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silage and beet pulp have a very pronounced effect on the color, the former 
producing a milk which by casual inspection of the eye seemed almost as 
yellow as milk produced on spring pasture; the latter produced a decided 
decrease in color. The trend of the curves suggests that neither maximum 
nor minimum effects of the feeds are reached in the comparatively short time 
of three weeks. This is especially indicated by the fact that milks produced 
on beet pulp following corn silage reached a lower color level than milks 
produced on beet pulp following grass silage. 

The data presented in Table 1 and summarized in Table 2 show the effect 
of the three succulent roughages used in this experiment on the yellow color 
of the milk of each cow. The color values used are those obtained at the 
end of each feeding period rather than averages for each period. They are 
probably more representative of each feed since maximum or minimum 
effects have not been attained during the first and second weeks of each 
period. 

TABLE 1 
Effect of roughages on the concentration of yellow color* in milk 


Group I Beet pulp Grass silage Beet pulp Corn silage Beet pulp 
Cow 92 ....... 3.90 4.35 4.00 4.00 3.40 

an 4.50 5.70 4.90 5.10 4.40 

a 2.55 3.45 2.60 2.90 2.50 

6422 4.85 6.00 5.30 5.50 4.80 

ee 471 4.85 5.60 4.95 5.20 4.50 

5.05 5.45 4.80 4.85 4.60 
Average ........ 4.28 5.09 4.43 4.59 4.03 
Group IT Beet pulp Corn silage Beet pulp Grass silage Beet pulp 
Cow 129 ....... 3.95 3.55 3.50 4.30 3.10 

seen 5.20 5.40 4.60 6.20 4.80 

a om 2.25 2.10 1.15 3.20 2.05 

ee 4.55 4.90 4.60 5.60 4.35 

a 5.70 5.80 5.20 6.80 5.20 

ES? sian 5.25 5.50 5.00 6.50 4.95 
Average ......... 4.48 4.54 4.01 5.43 4.08 


* Expressed as lactochrometer units. 


TABLE 2 
Summary of data in table 1 
Roughage Average color 
Beet pulp 4.22 
Corn silage 4.57 
Grass silage 5.26 


That milk loses some of its yellow color in storage is indicated by the 
data in Table 3. The loss, while relatively small, is progressive as shown 
by the comparative losses on the third and fifth days in storage for raw milk 
and the second and fifth days for pasteurized milk. Color was not deter- 
mined immediately after pasteurization but the comparative losses on the 
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fifth day for raw and pasteurized milks indicate that a greater loss occurs 
in pasteurized milk. Whether or not this greater loss is due to an immediate 
but small loss during pasteurization or to the inactivation or destruction of 
some possible color stabilizing factor at that time, thus accelerating subse- 
quent deterioration, remains to be proved. 


TABLE 3 


Loss of color of milk in storage 
Loss of colort 
Cow no, | ,Average color Raw milk Pasteurized milk 
Third day Fifth day Second day | Fifth day 


465 5.89 2.36 3.36 0.62 2.79 
247 5.46 2.46 3.29 2.04 4.04 
164 5.36 2.52 4.81 1.50 4.56 
422 5.33 2.68 3.27 1.138 3.91 
179 5.07 2.39 3.85 1.40 4.12 
475 5.06 2.32 2.59 0.53 3.36 
471 5.05 3.10 3.17 1.27 3.65 
431 4.81 3.49 3.41 2.65 4.60 
92 4.11 2.60 2.64 1.75 4.22 
129 3.72 4.56 5.69 4.05 6.50 
226 2.90 6.89 7.93 4.86 10.66 
284 2.23 7.58 8.33 7.03 13.00 
Average 4.58 3.58 4.36 2.40 5.45 


* Lactochrometer units. 

+ Expressed as percentage of fresh milk color. 

The data in Table 4 show that the presence of soluble copper (1.3 parts 
per million parts of milk) considerably accelerates the deterioration of 
color; however, the average loss at the end of the fifth day was less than 
nine per cent. 

TABLE 4 

Effect of copper on loss of color 


Percentage loss 


Difference* 

Raw milk 

Third day without copper 3.58 

Third day with copper ; 5.80 2.22 

Fifth day without copper 4.36 

Fifth day with copper 7.06 2.70 
Pasteurized milk 

Second day without copper 2.40 

Second day with copper 4.05 1.65 

Fifth day without copper 5.45 

Fifth day with copper 8.53 3.08 


ae * Loss without copper subtracted from loss with copper. 

Molasses grass silage not only produces a milk higher in yellow color 
than either beet pulp or corn silage but the data in Table 5 also show that 
this milk loses less of its total color in storage than that produced by the 
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other two feeds. This is further substantiated by the very high negative 
coefficients of correlation between original color values and loss of color 
shown in Table 6. Milks with a high yellow color at the time they are 
drawn lose a smaller portion of their color in storage than do milks of lower 
initial color. 

TABLE 5 
Effect of feed on loss of color 


Loss of color* 


Beet pulp Corn silage irass silage 
Raw milk 
Third day without copper 3.43 4.12 2.48 
Third day with copper 5.79 6.04 4.38 
Fifth day without copper 4.86 4.01 3.28 
Fifth day with copper ; 7.24 7.09 6.07 


Pasteurized milk 
Second day without copper 2.36 2.76 1.93 
Second day with copper 4.19 3.68 3.66 
Fifth day without copper 5.52 5.36 4.45 
Fifth day with copper 8.75 7.75 7.73 


* Expressed as percentage of fresh milk color. 


The data obtained in this study on the four Holsteins and the 8 Guern- 
seys and presented in Table 7 show that Holstein milk loses more of its color 
in storage than does Guernsey milk. The data presented are for all samples 
studied (72 Holstein and 144 Guernsey) and when these data were segre- 
gated into milks produced on the three different roughages—beet pulp, corn 
silage, grass silage—the same relationship held. Addition of copper to these 
milks emphasized the difference in loss of color. 


TABLE 6 
Correlation coefficients ; color vs. loss of color 
sD* 

Raw milk without copper 

Third day — .9289 + .0267+ 1.7515 + .2412t 

Fifth day , — .8392 + .0576 1.8815 + .2591 
Raw milk with copper 

Third day — .9354 + .0243 2.9814 + .4105 

Fifth day — .9241 + .0284 2.8895 + .3978 
Pasteurized milk without copper 

Second day — .9268 + .0275 1.8757 + .2583 

Fifth day — .9295 + .0265 2.9737 + .4094 
Pasteurized milk with copper 

Second day — 9174 + .0308 2.2312 + .3072 

Fifth day — .9604 + .0151 4.5805 + .6307 


Standard deviation of color of fresh samples = 1.0689 + .1472. 
*$.D.=Standard deviation of loss of color. 
+t Probable error. 
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TABLE 7 
Percentage loss of milk color by breeds 
Raw milk Pasteurized milk 
Third day Fifth day | Second day | Fifth day 
All samples 3.58 4.36 2.40 5.45 
Guernsey samples 2.67 3.47 1.39 3.88 
Holstein samples ............ 5.41 6.15 4.42 8.60 


The stability of the yellow color in milk appears to be greater than one 
is led to believe from the known chemical structures of the carotenoids which 
are present. There is some loss of color in storage and this loss is accelerated 
to a certain extent by conditions favorable to oxidizing reactions, i.e., pas- 
teurization (heat) and the presence of copper. On the basis of the known 
comparative stabilities of lactoflavin and carotenoid molecules, it seems rea- 
sonable to believe that the loss of color is due to deterioration of one or more 
of the carotenoids present and not to the lactoflavin. Since Palmer and 
Eckles (7) have shown that xanthophyll (and possibly zeaxanthin) is less 
stable in the digestive tract of cattle than carotene, it seems reasonable to 
expect that they also would be less stable in milk. Therefore, it may be 
mainly the deterioration of xanthophyll and zeaxanthin that is responsible 
for the loss of color of milk in storage. Further, since Shrewsbury and 
Kraybill (16) have postulated the presence of an antioxidant which inhibits 
or retards oxidation of carotene in butter fat, it may be that xanthophyll 
and zeaxanthin exhibit an antioxidative action toward carotene. On this 
basis, oxidation of the carotene in the butter fat would not take place until 
the antioxidative power of the other two carotenoids had been destroyed. 
If high-colored milks contain relatively more xanthophyll and zeaxanthin 
than low-colored milks, then the greater stability of color of high-colored 
milks may be explained by the above suggested mechanism. This is sug- 
gested as a hypothesis, but further work on the point is to be followed. 


SUMMARY 


The results of this study indicate that: 

The feeding of properly ensiled molasses grass silage produces a milk 
higher in total yellow color than does corn silage or beet pulp; corn silage 
is somewhat superior to beet pulp in this respect. 

There is a small but definite progressive loss of total yellow color of milks 
in storage. This loss is somewhat accelerated by the pasteurizing process 
and still more by the presence of soluble copper. 

The yellow color of high-colored milks is more stable in stored milks and 
toward catalytic copper than is that of low-colored milks. 

The yellow color of milk produced on molasses grass silage is more stable 
in storage than is that of milk produced on either beet pulp or corn silage. 


| 
| 
‘ 


EFFECT OF STORAGE CONDITIONS ON COLOR 819 


Apparently less loss of color occurs in Guernsey than in Holstein stored 
milk. 

An hypothesis is advanced that the loss of yellow color in milk is due to 
deterioration of xanthophyll and zeaxanthin rather than carotene and that 
these two carotenoids exhibit antioxidative protection toward carotene in 
butter fat. 

The feeding of molasses grass silage appears to be an excellent means of 
maintaining a comparatively high level of yellow color in milk during winter 
months. 
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FACTORS AFFECTING ACTIVITY AND HEAT RESISTANCE OF 
SWISS CHEESE STARTER CULTURES. II. INFLUENCE 
OF CULTURE MEDIUM* 
P. R. ELLIKER anp W. C. FRAZIER 


Department of Agricultural Bacteriology, University of Wisconsin 


During the course of investigations on the heat resistance of a Swiss cheese 
starter organism, Lactobacillus helveticus (2), it became apparent that the 
inadequacy of the reconstituted skim milk used as the culture medium was 
largely responsible for frequent loss in activity of the cultures. Similar losses 
in activity of lactobacillus starter cultures have been encountered repeatedly 
in the laboratory and in the cheese factory. It is known that certain of the 
lactie acid-producing bacteria, especially the lactobacilli, are rather fastidious 
in their nutrient requirements and are sensitive to variations in oxidation- 
reduction potential. Therefore, a study was made to determine what effect 
variations in the nutrients and oxidation-reduction potentials of the culture 
medium might have on activity and heat resistance of L. helveticus. 


EXPERIMENTAL 


Influence of various growth stimulants on rate of acid production by L. hel- 
veticus. 

The first experiment consisted of a study of the growth of L. helveticus in 
samples of sterile reconstituted skim milk to which had been added various 
well known growth stimulants. The substances added were: Bactopeptone, 
neopeptone, yeast water, lactic filtrate,’ tomato juice and asparagine. The 
acidity developed within a definite period of incubation was used to indicate 
the relative growth stimulating ability of the various substances. It was 
found that all of the substances except asparagine stimulated growth to some 
extent. However, neopeptone appeared to provide the greatest stimulation, 
and the Bactopeptone, yeast water, tomato juice and lactic filtrate less stimu- 
lation in the order named. Asparagine exerted no significant stimulating 
effect on growth of L. helveticus. From the results it appeared that neopep- 
tone would provide a suitable growth stimulant which could be added to the 
milk in uniform amounts in order to provide a more favorable medium for 
growth of L. helveitcus. The degree of stimulation produced by neopeptone 
corresponded roughly to the quantity added and 0.1 per cent was considered 
sufficient to produce the desired stimulation. 


Relationship between age of milk and growth of various organisms. 


During the course of investigations to determine the cause of irregular 
results obtained with L. helveticus, it was noted that the age of the milk 
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1 Sterile Berkefeld filtrate of a two weeks old Streptococcus lactis milk culture. 
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apparently influenced the development of this organism. In previous inves- 
tigations, including those reported in a previous paper (2), the sterile recon- 
stituted skim milk used varied in age from one to eight days and had been 
kept, for the most part, at room temperature (about 22° to 28° C.). 

In order to observe the influence of the age of the milk on the growth of 
various organisms therein, bottles containing 100 ce. of sterile reconstituted 
skim milk of varying ages were steamed for ten minutes, cooled to 37° C., and 
then inoculated with 0.1 per cent of the stock culture of L. helveticus organ- 
isms. Dilutions were made in an equal volume of two per cent sodium citrate 
solution. After incubation of the bottle cultures for 10 or 12 hours, titratable 
acidities and pH values were determined. 

Table 1 shows the results obtained by growing various lactic acid produe- 
ing organisms in samples of milk varying in age from 0 to 22 days. These 
TABLE 1 
Influence of age of milk on rate of acid production by various organisms 


, Age of milk at ti | Hours of incubation . 
at 37°C. Acid produced 
days titratable acidity 
Lactobacillus 
helveticus ... 4 0 | 2 0.72 
1 12 0.68 
3 12 0.62 
12 12 0.57 
Lactobacillus 
bulgaricus | 0 10 0.70 
10 10 0.45 
22 10 0.43 
Streptococcus 
thermophilus 0 12 0.55 
0 12 0.54 
10 12 0.54 
10 12 0.56 
Streptococcus 
lactis 0 | 12 0.42 
0 12 0.43 
10 12 0.45 
10 12 0.45 
(pH) 
Escherichia coli ..... | 0 12 5.61 
0 12 5.61 
10 2 5.53 
10 12 | 5.53 


results clearly indicate the effect of the old and fresh milk on the activity of 
certain lactobacilli, streptococci and EF. coli. The older the milk the poorer 
was the growth of lactobacilli therein. Str. thermophilus, Str. lactis and 
E. coli seemed to develop as well in old as in freshly prepared milk. 

Old milk was steamed for varying lengths of time in order to determine 
the influence of this procedure on the rate of acid production by L. helveticus. 
It was considered possible that the ten minute period of steaming employed 
for bottles and flasks of milk might not have been sufficient to drive off all of 
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the dissolved oxygen. However, it was found that when milk was steamed 
for periods of more than ten minutes, the growth of L. helveticus therein was 
ne more active than when a ten minute steaming period was used. The pro- 
duction of acid in milk steamed for 30 minutes was less than in that steamed 
for ten minutes. 

When sterile reconstituted skim milk was stored at 5°-10°, 30° and 45° C., 
respectively, for one month, growth of L. helveticus was most active in that: 
stored at 0° C. and least active in that stored at 45° C. 

It might be mentioned that the addition of substances such as neopeptone 
stimulated growth of L. helveticus in both old and in freshly prepared milk. 


Ozxidation-reduction potentials of old and fresh sterile reconstituted skim 
milk, 

It was considered possible that the old sterile reconstituted skim milk had 
a higher oxidation-reduction potential than the freshly prepared milk and 
therefore was less favorable for growth of the lactobacilli. This assumption 
was supported by the fact that Str. lactis, Str. thermophilus and E. coli are 
considered more aerobic than the lactobacilli, and were influenced less by age 
of milk in which they were grown than were the lactobacilli. Steamed fresh 
milk was invariably superior to steamed old milk for growth of lactobacilli 
because steaming old milk did not restore the growth promoting properties to 
the extent lost in aging. The higher oxidation-reduction potential of the 
medium which possibly was responsible for poor growth must have been due 
to factors other than dissolved oxygen. 

Oxidation-reduction potentials of milk varying in age from 0 to 22 days 
were determined. The samples of milk to be tested were placed in 40 ce. 
quantities in large, eight inch test tubes. They were then steamed for ten 
minutes and cooled in a water bath to about 25° C. Duplicate platinum elec- 
trodes were inserted and the potentials were read with a Leeds and Northrup 
vacuum tube potentiometer circuit. The electrodes were near the bottom of 
the tube and were covered with about three and one-half inches of medium. 
Results obtained by this method may have been relative but they were suffi- 
ciently accurate to demonstrate any differences in potentials of the various 
samples of milk. The results, reported in millivolts, are shown in Table 2. 


TABLE 2 
Oxidation-reduction potentials of old and fresh milk* 
Age of milk | Millivolts 
days 

0 -70 

0 — 80 

7 +25 

7 +40 

22 +50 

22 +30 


1 All samples of milk were steamed and cooled immediately before use. 
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They clearly illustrate the difference in oxidation-reduction potentials of 
fresh and old milk. 

Because the oxidation-reduction potential of old milk apparently was 
higher than that of fresh milk and because, in contrast to the lactobacilli, 
Str. lactis, Str. thermophilus, and E. coli were rather indifferent to the age 
of the milk, a comparison was made of the growth of various lactobacilli, and 
Str. lactis and Str. thermophilus in fresh milk and in old milk containing 
varying amounts of neutralized thioglycollic acid. The drop in pH within a 
given period at a definite temperature was used to compare activity of the 
organisms in the different samples of milk. 

As shown in Table 3, the lactobacilli again grew more rapidly in fresh than 
in old milk. Old milk containing 0.0001 per cent thioglycollic acid supported 


TABLE 3 


Rate of acid development by certain lactic acid producing bacteria in fresh milk and in 
old milk containing varying amounts of thioglycollic acid 


—"e Change in pH of milk 
Organism Tem- se | Old milk plus varying percentages 
Time pera- of thioglycollie acid 
ture | None 001.0001 00001 .000001 
| hours °C. 
Lactobacillus 
helveticus | 9 37 1.01 93 57 1.16 92 83 
11 37 1.62 1.28 99 1.59 1.28 1.19 
10 37 1.16 1.11 .68 1.58 1.12 1.02 
10 37 1.16 1.11 44 1.58 1.09 92 
2 37 1.85 1.38 1,24 1.82 1.50 1.38 
Lactobacillus lactis 9 37 B .64 56 74 52 
12 37 1.57 1.45 1.45 1.72 1.36 1.47 
Lactobacillus 9 37 1.41 1.10 Bi 1.20 1.15 1.07 
12 37 2.29 2.03 1,24 2.16 2.08 
Streptococcus lactis 9 28 42 91 00 81 93 86 
Streplococcus 
thermophilus 9 37 1.53 1.54 .03 1.54 1.53 1.53 
|} 12 37 1.70 1.74 33 1.84 1.87 1.80 


growth of lactobacilli almost as well as and in some cases better than did fresh 
milk. Higher concentrations of thioglycollic acid tended to inhibit growth 
and lower concentrations apparenty had no great effect on growth. Rate of 
growth of the streptococci was similar in all of the samples of milk with the 
exception of those containing .001 per cent thioglycollie acid. Str. lactis 
and Str. thermophilus were inhibited far more by a concentration of .001 per 
‘cent of the reducing agent than were the lactobacilli. Subsequent determina- 
tions of oxidation-reduction potential indicated that when .0001 per cent 
thioglycollic acid was added to old milk the potential was lowered to a point 
slightly below that of freshly prepared milk. It is probable that a potential 
somewhat lower than that of the freshly prepared milk used in these studies 
would have provided most favorabie conditions for growth of the lactobacilli, 
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for further studies have demonstrated that addition of thioglycollic acid and 
sodium thiosulfate stimulated growth of various lactobacilli to some extent 
in freshly prepared reconstituted skim milk. Though they do not eliminate 
the possible nutritional effect of the reducing substances added to the milk, 
in general, the results indicate that the oxidation-reduction potential may be 
one of the factors responsible for the difference in the ability of samples of 
old and fresh milk to support growth of lactobacilli, and this difference in 
potential is not due to a difference in the amounts of dissolved oxygen from 
the air. 

Different lots of milk powder may vary considerably and later studies 
have shown that the lot of skim milk powder used to prepare the reconstituted 
milk may significantly influence the effect of age of milk on growth of lacto- 
bacilli. 


Influence of culture medium and time and temperature of incubation on the 
ability of L. helveticus to develop at 44° C. following heating at 60° C. 
for thirty minutes. 

The discovery that milk only one week old was decidedly inferior to fresh 
milk for growth of lactobacilli explained many of the irregularities previously 
encountered when no attention was paid to age of the milk used. 

In order to determine the combined influence of culture medium and time 
and temperature of incubation on activity and heat resistance of L. helveticus 
cultures of this organism were carried in a poor medium (milk one week old) 
and in a milk which favorably supported growth. According to results 
reported above, such a favorable medium could be provided by the addition 
of 0.1 per cent of neopeptone to the reconstituted milk before sterilization. 
This medium was always prepared not more than one or two days before use. 

The methods used to carry mother cultures, prepare inoculating cultures 
and compare activity of cultures after heat treatment were similar to those 
outlined in a previous paper (2). Duplicate mother cultures were grown 
for periods of 12, 14, and 16 hours, respectively, every day at both 37° and 
40° C. in each type of medium. The cultures were inoculated daily at 4: 00, 
6:00 and 8:00 P.M., so that their respective incubation periods ended at 
8:00 A.M. the following morning. At this time they were placed at 10° 
C. until time for the next daily transfer. A preliminary experiment had 
demonstrated that cultures could be stored at 10° C. for at least 12 hours each 
day without significantly influencing their activity or heat resistance. The 
method used in carrying the mother cultures was intended to provide cultures 
at 37° which were just as mature as certain of the 40° C. cultures, so that the 
factor of maturity would not complicate any comparisons of the direct effect 
of incubation temperature on ability to develop following heating. In order 
to maintain conditions as nearly uniform as possible, whenever a culture was 
to be transferred, the inoculum was first diluted with an equal volume of two 
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per cent sodium citrate solution. All tubes were at a temperature of 37° C. 
when inoculated. 

For a period of two weeks inoculating cultures were prepared about every 
second day and these then transferred to flasks, heat shocked at 60° C. for 30 
minutes, and then incubated at 44° C. All of the milk contained in the flasks 
consisted of sterile, freshly prepared reconstituted skim milk plus 0.1 per 
cent neopeptone. The rate of acid production by the various cultures was 
followed by pH determinations at hourly intervals for the first ten hours and 
at the 24th hour after heating. At the end of the fifth transfer in the poor 
medium, the cultures were so weak and run down that in certain cases a tem- 
perature of 37° rather than 44° C. was employed for incubation of cultures 
following heating. This reduction in incubation temperature allowed the 
organisms to develop sufficiently to demonstrate any differences in activity 
between cultures. 

Table 4 shows the results obtained in this experiment. Instead of in- 
cluding all of the pH readings made during incubation following heat treat- 
ment, only the drop in pH during the first seven hours following heating is 
shown. The quantity of acid produced by a culture during the first seven 
hours after heat treatment indicates the ability of that culture to withstand 
exposure to heat and to develop after heating. 

The most obvious effect of growth in the poor medium was the gradual 
decrease in activity of the cultures, irrespective of the time or temperature 
of incubation. <As transfers in the old medium were continued, the titratable 
acidities of the inoculating cultures became lower. At the same time the 
activity of the cultures following heating also steadily decreased as transfers 
in old milk were continued, until finally their development at 44° C. was so 
negligible that it was necessary to lower the temperature of incubation follow- 
ing heating. When the temperature of incubation following heating was 
lowered, another gradual change was observed. At the time of the first 
transfer the 40° cultures were less heat resistant than the 37°. However, by 
the twelfth transfer the 40° cultures were apparently the more resistant. 
The 16 hour 37° and 12 and 14 hour 40° inoculating cultures had about the 
same titratable acidity, yet the 40° was the more resistant. The differences 
in activity following heating were not great, but they were fairly consistent. 

The increase in titratable acidities (table 4) of the respective inoculat- 
ing cultures in the favorable medium is indicative of the increased activity 
of these cultures after successive transfers in this medium. At the same 
time, certain changes in the heat resistance of the cultures were being in- 
duced at the incubation temperatures used. After one transfer, the 16 hour, 
37° culture was the most heat resistant, then came the 14 hour, 37° and 12 
hour, 40° cultures. Least resistant were the 12 hour, 37° and 16 hour, 40° 
eultures. The titrations indicated that the 12 hour, 37° culture was not 
mature enough and the 16 hour, 40° culture was too old to demonstrate as 
much activity as that shown by the other cultures. 
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By the end of the tenth transfer in the favorable medium, all of the 37° 
were more heat resistant than any of the 40° cultures. The 14 and 16 hour, 
37° were more active than the 12 and 14 hour, 40° cultures, respectively, 
although titratable acidities indicated that the inoculating cultures had at- 
tained approximately equivalent maturities. The most active following 
heating was the 12 hour, 37° culture. 

The results of a subsequent experiment demonstrated that the activity 
of any one culture at 44° C. following heat treatment was almost directly 
proportional to the size of inoculum and therefore proportional to the num- 
ber of active cells present. It is probable that in the experiments reported 
in the present studies, the ability to develop at 44° C. after heating depended 
more on the number of active cells of L. helveticus present than on any 
adaptability to growth at a high temperature such as 44° C. The number 
of active cells was undoubtedly greater in cultures grown in freshly pre- 
pared milk than in those grown in old milk. 


DISCUSSION 


According to the results reported above and those of other investigators, 
the addition of substances such as peptone, tomato juice, lactic filtrate, yeast 
water and liver extract stimulates growth of lactobacilli in milk. In the 
present studies no attempt was made to determine the actual purpose which 
such substances serve. 

The observation that aging of sterile reconstituted skim milk lowers its 
ability to support active growth of lactobacilli was a significant one, because 
frequently mother starters or bulk cultures have been grown in milk which 
had been sterilized and held for varying periods at room temperature. The 
limited studies reported above indicate that the higher oxidation-reduction 
potential of older milk was responsible, at least in part, for the lessened 
growth of the lactobacilli. Since the more aerobic organisms such as Str. 
lactis, Str. thermophilus and E. coli grew as well in old as in freshly pre- 
pared milk, while the lactobacilli grew better in the fresh milk, it was con- 
cluded that the higher oxidation-reduction potential of older milk was one 
of the factors limiting development of lactobacilli. Therefore it was not 
surprising that lowering the oxidation-reduction potential by addition of 
neutralized thioglycollic acid aided the growth of lactobacilli but not that of 
the streptococci. Observations not reported in this paper, obtained in use 
of skim milk-tryptone agar indicated, also, that as the agar aged, it gradu- 
ally became a poorer culture medium for lactobacilli. Additional studies 
are necessary to more definitely establish the influence of the oxidation-re- 
duction potential of the agar culture medium on initiation of growth by the 
lactobacilli. 

Considering the results as a whole it becomes apparent that certain mea- 
sures may be taken to maintain or increase the activity of stock or starter 
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cultures of lactobacilli such as those used in the present studies. First, 
certain growth stimulants may be added to the milk in order to improve its 
growth promoting properties. Second, freshly prepared milk obviously 
provides a more favorable medium than old milk. Third, in certain types 
of milk, adjusting the oxidation-reduction potential to a level more favorable 
for growth may improve its ability to support growth. The use of such 
methods should insure active cultures in a milk medium similar to that used 
in these studies. 

The medium in which L. helveticus was grown definitely played a part 
in the effect of incubation temperature on activity following heat treatment, 
and apparently the influence of the medium overshadowed the influence of 
incubation temperature on activity following heat shocking of starter organ- 
isms such as L. helveticus. When cultures of L. helveticus were grown for 
12, 14 and 16 hours at 37° and 40° C., respectively, in a poor and in a favor- 
able medium, cultures with about equivalent maturities were obtained at the 
two temperatures. Results with these cultures demonstrated that in a poor 
medium growth at the higher temperature resulted in greater heat resistance. 
On the other hand in a favorable medium, where growth was more rapid, 
incubation at 37° resulted in greater heat resistance than incubation at 
40° C. 

It has been suggested by Elliker and Frazier (1) that rapid growth of 
E. coli in a favorable medium may result in a greater accumulation of ma- 
ture, heat resistant cells during the maximum stationary phase of growth 
than may result from slow growth in a poor medium. Similar factors may 
be responsible for effect of incubation temperature on heat resistance of L. 
helveticus. 

Very striking was the gradual decrease in activity on continued transfer 
in the poor medium in ¢ontrast to the gradual increase in activity and heat 
resistance in the favorable medium. These results suggest that in many 
cases the gradual decrease in activity of certain lactobacillus starter cultures 
may be due to continued growth in an unfavorable medium. 

Also demonstrated was the fact that a difference in incubation time of 
two or four hours around the period of maximum heat resistance of L. hel- 
veticus definitely influenced its heat resistance. Successive daily incubation 
of the cultures for their respective incubation periods as compared to one 
incubation period emphasized the effect of incubation time. 


SUMMARY 


1. L.helveticus, L. lactis and Lactobacillus sp. all developed more actively 
in freshly prepared than in old, sterile reconstituted skim milk. The age 
of the sterile reconstituted skim milk used as culture medium had no sig- 
nificant influence on growth of Str. thermophilus, Str. lactis and E. coli. 

2. Substances such as peptone, tomato juice, veast water and lactic fil- 
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trate stimulated growth of L. helveticus in both old and freshly prepared 
sterile reconstituted skim milk. 

3. The oxidation-reduction potential of steamed, freshly prepared, sterile 
reconstituted skim milk was significantly lower than that of steamed, old 
sterile reconstituted skim milk. Addition of a reducing substance, neutral- 
ized thioglycollie acid, to old sterile reconstituted skim milk stimulated de- 
velopment of certain lactobacilli but did not significantly stimulate develop- 
ment of Str. lactis, Str. thermophilus and E. coli. 

4. A succession of transfers of L. helveticus in old sterile reconstituted 
skim milk resulted in a gradual decrease, while a succession of transfers in 
a milk more favorable for growth resulted in an increase in their activity 
and in their ability to develop at 44° C. following heating. When cultures 
of L. helveticus were carried at 37° and 40° C., respectively, for numerous 
successive transfers in a favorable medium, those grown at 37° were more 
active following heat treatment than were those grown at 40° C. However, 
when cultures were carried in the same manner in a poor medium, those 
grown at 40° were more active following heating than were the 37° C. 
cultures. 

5. When stock or starter cultures of lactobacilli similar to those used in 
these investigations are grown in milk of the type used in these studies, 
their activity may be insured if they are carried in freshly prepared milk, 
in milk in which the oxidation-reduction potential has been adjusted to a 
level favorable for initiation of growth, or in milk to which growth stimu- 
lants have been added. 
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THE RELATION OF THE REFRACTIVE INDEX OF EVAPORATED 
AND CONDENSED MILK SERUM TO THE TOTAL 
SOLIDS CONTENT 


8. G. MENEFEE* anp O. R. OVERMAN 
Department of Dairy Husbandry, University of Illinois, Urbana, Illinois 


The refractive index of milk serum has been used primarily for the detee- 
tion of added water in milk. Since the results of this determination are 
influenced directly by the soluble components it is logical to expect a definite 
relationship to exist between the total solids and the refractive index of the 
serum. 

Some investigators have shown that a definite correlation does exist and 
a few have attempted to make a practical application of this relationship. 

Wiegner (1) found that the specific gravity of the dry constituents of 
the calcium chloride serum is nearly constant at 1.6850. He shows that a 
definite relation exists between total solids, specific, refractive index and 
density. 

Rice and Miscall (2) used an Abbé refractometer to establish a correla- 
tion between the refractive index and total solids of several concentrated 
milk products. They report satisfactory results except with products con- 
taining a high fat content and those in which lactose crystallized out due to 
concentration. 

These authors determined the total solids and refractive index for each 
sample of product they examined. The method of least squares was applied 
to these data, and formulas were developed and used for computing the total 
solids in evaporated and sweetened condensed skim milk. According to Rice 
and Miseall the total solids of these products may be computed very accu- 
rately by using the formulas developed for them. 

The purpose of the present investigation was to study the relationship 
between the total solids and the refractive index of the milk serum from the 
products used in these experiments and to develop, if possible, a rapid 
routine determination for total solids. 


DESCRIPTION OF APPARATUS 


Samples of condensed milk products were secured from the University 
Creamery and others were condensed in the laboratory. 

The laboratory condensing equipment consisted of a 12-liter flask im- 
mersed in a hot water bath and connected to a liter suction flask by a four- 
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foot condenser. The suction flask was connected directly to a water vacuum 
pump and arranged so that vapors and condensate passed out through the 
connecting line and water pump into the drain. 

A Zeiss Dipping Refractometer equipped with prism No. 1 was used to 
determine refractive indices. This instrument was standardized with pure 
water at 20° and all readings were made at this temperature. 

The copper sulphate solution for preparing the serum was made acecord- 
ing to the Official Method (3) (‘72.5 grams CuSO, : 5H.O per liter, adjusted 
if necessary to read 36 at 20° on the seale of the Zeiss immersion refractom- 
eter, or to a specifie gravity of 1.0443 at 20/4°’’). 

The total solids were determined by the Official Method (3). The sam- 
ples were weighed into lead foil dishes 5.5 em. in diameter, each containing 
approximately 10 grams of ignited sand. 


EXPERIMENTAL 


The samples of the concentrated milk products to be examined were ad- 
justed to temperature of 20° as soon as they were removed from the evap- 
orating unit. The total solids and the refractive index of the serum were 
determined immediately. 

To prepare the serum, fifty grams of the product to be examined were 
weighed on a sensitive balance. In some experiments the samples were 
diluted with water and copper sulphate solution was added; in others copper 
sulphate solution alone was added to precipitate the proteins and to provide 
enough serum for a refractometer reading. The latter procedure is pre- 
ferred because the errors introduced by dilution are minimized. The amount 
of coagulant added and any dilution with water is indicated at the top of 
each table. 

The acetic serum method was used to a limited extent but it was discon- 
tinued because the milk proteins were not completely precipitated. This 
method is also objectionable because it requires too much time. Other meth- 
ods for preparing the serum were tried but were not used because they 
appeared to have no evident advantages over the copper sulphate method. 

The formulas used for computing the total solids in condensed skim milk 
were developed as follows: 

Samples of skim milk were taken from the evaporating pan at various 
intervals in order to have a series of samples of varying concentration. The 
scale reading and total solids were determined for each sample including the 
original skim milk. The method of least squares was applied to a number of 
these determinations and the regression equation developed. This was used 
as a formula for computing the total solids in the samples examined. By 
using this formula the total solids in any sample of concentrated skim milk 
may be computed if the dipping refractometer scale reading at 20° is known 
for the serum from the sample. 
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Using the same procedure a formula was developed for computing the 
total solids in evaporated milk. 

The seale reading is used in the calculations because it is obviously more 
convenient to use than the refractive index. 


ANALYTICAL RESULTS 


Tables 1 to 4 summarize the results of four experiments. The corre- 
sponding plates show the plotted points (total solids—scale reading) with 
their regression lines. 

The formula derived from each experiment is shown at the end of each 
table following the summary of the statistical calculations. 

The determined total solids values are the averages of duplicate deter- 
minations. 


TABLE 1 
Condensed skim milk ; 50 gm. of sample, 50 gm. of water and 25 ml. of copper sulphate 
28.25 1.33829 9.20 9.76 0.56 
29.00 1.33857 10.95 10.46 - 0.49 
32.40 1.33986 14.46 13.66 — 0.80 
52.45 1.34741 33.76 32.50 — 1.26 
29.55 1.33878 10.64 10.98 0.34 
33.00 1.34009 | 13.86 14.22 0.36 
38.20 1.34206 18.77 19.11 0.34 
42.00 1.34350 22.15 22.68 0.53 
44.70 1.34452 24.75 25.22 0.47 
49.60 1.34635 29.06 29.82 0.76 
28.30 1.33830 9.24 9.81 0.57 
28.90 1.33853 10.58 10.37 - 0.21 
30.70 1.33922 12.51 12.06 — 0.45 
28.10 1.33823 9.34 9.62 0.28 
29.00 1.33857 10.95 10.46 - 0.49 


30.60 1.33918 12.50 11.97 — 0.53 


Summary of calculations of table 1 


Correlation coefficient 0.9970 
Mean of scale readings 34.6719 
Mean of total solids 15.7950 
Std. deviation of scale readings 7.8853 
Std. deviation of total solids 7.4337 
Std. error of estimate 0.4641 


Formula—T.S = 0.9398 (Seale reading at 20°) — 16.7913. 
DISCUSSION 

An examination of Tables 1 to 4 and the corresponding plates offers suffi- 
cient evidence to prove that the relationship between the refractive index 
and the total solids is linear. 

A preliminary experiment in which condensed skim milk was used 
showed that this relationship existed but the data secured were somewhat 
irregular. Later experiments indicate that some of the errors introduced 
were due to the total solids determinations. In the preliminary experiment 
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the solids were determined without the use of sand and the samples were 
considerably caramelized before they came to constant weight. The errors 
in the determinations were indicated by the unsatisfactory checks secured 
with duplicate determinations. This difficulty was eliminated by adding 
sand to the solids dishes to facilitate evaporation. Excellent checks were 
secured by this procedure. 

Another source of error is the variation in the total solids and the refrae- 
tive index of the serum from the original or uncondensed milk examined 
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TABLE 2 
Condensed skim milk ; 50 gm. of sample and 50 ml. of copper sulphate 
Seale | nD | Determined | 
37.60 1.34183 | 9.24 10.02 0.78 
38.30 1.34209 10.58 10.58 0.00 
40.70 1.34301 12.51 12.50 —0.01 
37.00 1.34161 | 9.34 9.54 0.20 
38.50 1.34217 10.95 10.74 - 0.21 
40.45 1.34291 12.50 12.30 — 0.20 
44.28 1.34436 | 15.47 15.36 -0.11 
50.58 1.34672 | 20.49 20.39 -0.10 
37.50 1.34180 | 9.52 9.94 0.42 
38.90 1.34232 11.36 11.06 — 0.30 
40.80 1.34304 13.06 12.57 — 0.49 
43.60 1.34410 15.38 } 14.82 — 0.56 
49.00 1.34613 19.71 19.13 — 0.58 
64.40 1.35183 30.88 31.44 0.56 
37.55 1.34181 | 9.35 10.00 0.65 
38.80 1.34228 11.04 10.98 0.06 
Summary of calculations of table 2 

Mean of scale readings AOE, 

13.8363 

Std. deviation of scale readings ............... ee 

Std. deviation of total solids = of 5.5357 

Std. error of estimate .. 0.3022 


Formula—T.S. = 0.79907 (Seale reading at 20°) — 20.0224. 
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TABLE 3 


60.00 
37.80 
38.72 
41.00 
44.00 
48.60 
55.30 
37.90 
38.50 
41.00 
44.00 
48.00 
54.50 
37.50 
37.82 
40.10 
42.90 
47.40 
52.00 
58.35 
37.60 


1.34191 13.01 13.77 0.76 
1.34284 16.13 | 15.64 - 0.49 
1.34452 19.53 19.08 — 0.45 
1.34722 24.82 24.59 — 0.23 
1.35021 30.18 | 30.75 0.57 
1.34191 12.85 13.77 0.92 
1.34225 14.83 14.47 — 0.36 
1.34312 16.75 16.22 —- 0.53 
1.34425 19.00 18.51 — 0.49 
1.34598 22.51 22.03 — 0.48 
1.34847 27.06 27.15 0.09 
1.34194 12.88 13.85 0.97 
1.34217 14.44 14.30 — 0.14 
1.34312 16.52 16.22 — 0.32 
1.34425 18.83 18.51 — 0.32 
1.34575 21.69 21.57 - 0.12 
1.34818 26.31 26.54 0.23 
1.34180 12.83 13.54 0.71 
1.34191 14.11 13.78 -— 0.33 
1.34277 15.88 15.53 — 0.35 
1.34383 18.06 17.67 — 0.39 
1.34553 21.45 21.11 — 0.34 
1.34724 24.65 24.63 — 0.02 
1.34959 28.96 29.49 0.53 
1.34183 13.02 13.62 0.60 


Summary of calculations of Table 3 


Correlation coefficient 

Mean of scale reading 

Mean of total solids 

Std. deviation of scale reading 

Std. deviation of total solids 

Std. error of estimate ..... ees 
Formula—T.S. = 0.7648 (Secale reading at 20°) — 15.1405. 


0.9958 
44.7076 
19.0520 

6.9451 

5.3342 
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(skim milk and whole milk containing 4 per cent fat). The formulas derived 
for computing the total solids would be more accurate if these variations 
were excluded from the determinations used when computing regression 
equations. Undoubtedly the most satisfactory samples for an investigation 
of this nature would be those containing from 10 to 25 per cent total solids. 
In each table the formula for computing the total solids was developed 
from the data presented and was used to compute the total solids in that 
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TABLE 4 


Canned evaporated whole milk (purchased on market) 50 gm. sample and 
25 ml. copper sulphate 


53.70 1.34788 25.71 25.87 0.16 
56.60 1.34895 25.73 26.23 0.50 
54.95 1.34834 26.13 26.03 - 0.10 
54.50 1.34818 26.27 25.97 - 0.30 
56.00 1.34873 26.14 26.16 0.02 
55.10 1.34840 26.42 26.05 — 0.37 
56.15 1.34879 26.24 26.17 — 0.07 
56.90 1.34896 25.96 26.27 0.31 
55.00 1.34836 26.00 26.04 0.03 
55.00 1.34836 26.30 26.04 — 0.27 
55.75 1.34864 26.71 26.12 — 0.58 
55.75 1.34864 26.17 26.12 — 0.04 
55.80 1.34866 26.18 26.13 — 0.05 
57.10 1.34914 25.72 26.29 0.57 
53.71 1.34788 25.88 25.88 0.00 


54.35 1.34812 25.75 25.95 0.20 


Summary of calculations of table 4 


Correlation coefficient 0.4486 
Mean of scale reading 55.3975 
Mean of total solids 26.0819 
Std. deviation of scale reading 1.0056 
Std. deviation of total solids 0.2745 
Std. error of estimate 0.2453 


Formula—T:S, = 0.122446 (Seale reading at 20°) + 19.2986. 
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table. This does not demonstrate the accuracy of the formula for computing 
the total solids of all samples of condensed skim or exaporated milk. 
In order to show how accurately the total solids may be computed for 


| any sample of condensed skim milk, the formula derived from the data in 
68 + 
6o 4 
. 
4 
x 
36 4 


SOTAL SOLMS 
GRAPH OF DELTA TABLE RECRESSION LIME 


Table 2 is used to compute the total solids in a number of samples of con- 
densed skim milk examined in the preliminary experiments. 


TABLE 5 


| Total solids in the preliminary experiment computed by the formula 
i derived from data in table 2 


28.69 9.26 10.17 0.91 
36.46 16.86 17.47 0.61 
40.00 20.22 20.80 0.58 
50.50 28.36 30.67 2.31 
55.71 33.40 35.57 2.17 
62.70 38.19 42.13 3.94 
: 28.25 9.12 9.76 0.64 
' 31.00 12.51 12.34 | — 0.17 
| 38.90 20.49 19.77 -0.72 
: 56.95 36.16 36.73 0.57 
l 28.45 9.29 9.95 0.66 
33.00 13.96 14.22 0.26 
38.51 19.31 19.40 0.09 
43.10 23.64 23.71 0.07 
47.00 26.46 27.38 0.92 
60.20 37.37 39.78 2.41 
28.20 9.35 9.71 0.36 
28.25 10.26 9.76 — 0.50 
32.40 14.58 13.66 — 0.92 
41.70 24.30 22.40 — 1.90 
51.95 33.72 32.03 — 1.69 
28.25 9.20 9.76 0.56 
29.00 ! 10.95 10.46 — 0.49 
32.40 14.46 13.66 — 0.80 


52.45 33.76 32.50 - 1.26 
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To the samples in Table 2, fifty ml. of copper sulphate were added in 
order to precipitate the proteins completely and to eliminate the preliminary 
addition of water. The satisfactory results obtained in this experiment are 
attributed to the direct addition of copper sulphate to the product. 

The application of the formula derived from the data in this table is 
demonstrated by using it to compute the total solids in samples of concen- 
trated skim milk. The samples were prepared by using plain condensed 
skim and diluting portions of this with skim milk in order to have a series 
of samples of different total solids content. The total solids and the refrac- 
tive index of the serum were determined for each of these samples and the 
total solids were computed by the formula. The results are as follows: 


Scale nD Error 
37.70 1.34187 9.38 10.10 0.72 
61.61 1.35081 26.45 29.21 2.76 
56.76 1.34901 23.25 25.33 2.08 
68.65 1.35338 31.22 34.83 3.61 
60.45 1.35038 25.92 28.28 2.36 
44.10 | 1.34429 14.35 15.21 0.86 


54.60 1.34821 21.71 23.61 1.90 


These results need little explanation. The errors in the computed total 
solids are rather large if they are considered from a quantitative point of 
view. 

The data in Table 4 were obtained by the analysis of canned evaporated 
milk secured at various local markets. It is evident that the formula derived 
from the data in this table cannot be used to compute the total solids of any 


TABLE 6 
Total solids in table 4 computed by the formula derived from the data in table 3 
Seale Dete | 
53.70 25.71 25.93 0.22 
56.60 25.73 28.15 2.42 
54.95 26.13 26.89 0.76 
54.50 26.27 26.54 0.27 
56.00 26.14 27.69 1.55 
55.10 26.42 27.00 0.58 
56.15 26.24 27.80 1.56 
56.90 25.96 28.38 2.42 
55.00 26.00 26.92 0.92 
55.00 26.30 26.92 0.62 
55.75 26.71 27.50 0.79 
55.75 26.17 27.50 1.33 
55.80 26.18 27.54 1.36 
57.10 25.72 28.53 2.81 
53.71 25.88 25.94 0.06 


54.35 25.75 26.43 0.68 
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other sample of evaporated milk unless it has approximately 25 per cent total 
solids. It is used to compute the total solids of the samples in this table. 

In order to demonstrate the application of a formula for evaporated milk, 
the formula derived from the data in Table 3 is used to compute the total 
solids in Table 4. 

Several discrepancies are evident in the data. The total solids content 
remains rather constant while there is considerable variation in the refrae- 
tometer readings. 

For comparison the formula derived from the data in Table 4 is used to 
compute the total solids of the samples in Table 3 that have approximately 
25 per cent total solids. 


Determined Computed 
T.S. 


Seale ‘Ss. Error 
51.95 24.82 25.67 0.85 
60.00 30.18 26.64 — 3.54 
55.30 27.06 26.07 - 0.99 
54.50 26.31 25.97 — 0.34 
52.00 24.65 25.67 1.02 
58.35 28.96 26.44 — 2.52 


Of the experiments presented, the evaporated milk is the most interest- 
ing. The uniform composition of the commercial product is well illustrated 
by Table 4 and Plate Number 4. The regression equation for this product 
as well as for others may have an added significance if derived from a greater 
number of determinations. A minimum number of samples have been ex- 
amined in these experiments and this may be the cause of some of the irregu- 
larities noted. 

The variation in the composition of normal milk and factors such as heat, 
standardization and acidity that bring about changes in the chemical com- 
position must also be considered. The development of acidity in a product 
is one of the most important problems. Useful refractometer readings can 
be made only on fresh products. Further investigation may show that some 
of the above factors will limit the application of the theoretical principles 
involved in this discussion. A suitable formula may be developed for com- 
puting the total solids in some products by deriving the regression equation 
from a greater number of determinations and possibly using a correction 
factor. 

Further investigation may prove that milks whether from an individual 
cow or a herd, must be considered separate colloidal systems. Any physical 
constant determined on an individual sample is an expression of the complex 
peculiarities of that sample and it does not imply that this constant can be 
applied to any sample chosen at random. 
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CONCLUSIONS 
1. Sufficient evidence is presented to show that a linear relationship exists 
between the total solids and the refractive index of the serum of evaporated 
and condensed skim milk. 
2. The formula developed for one type of product cannot be used to com- 
pute quantitatively the total solids in every sample of that product. 
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THE DETERMINATION OF CHLORIDE IN MILK 


GEORGE P. SANDERS 
Division of Dairy Research Laboratories, Bureau of Dairy Industry, U. 8. 
Department of Agriculture 


The determination of chloride in milk is one of the standard tests used in 
the diagnosis-of mastitis in dairy cows. The methods most commonly used 
in this country are modifications of Mohr’s direct titration method, in which 
chloride is titrated with a standardized solution of silver nitrate in the pres- 
ence of potassium chromate indicator. Direct titratable chloride values 
above 0.14 (20) or 0.16 (11) per cent have been cited as signifying abnor- 
mality in milk caused by a diseased condition of the udder. In an intensive 
study of the mastitis problem in these laboratories, covering a period of 
several years and involving tests on more than 3000 quarter-udder samples 
taken periodically throughout several lactations, our results have indicated 
that in the vast majority of samples, when a strictly quantitative method for 
chloride is used, 0.12 per cent chloride is a surer criterion of mastitis than 
the values quoted above. We shall publish later a paper containing evidence 
that the chloride test, when carried out quantitatively on quarter-udder 
samples, gives a very useful indication of mastitic conditions in the udder. 
In much of the diagnostic work done in the past, investigators apparently 
have been at a disadvantage because of their use of methods that are not 
sufficiently precise. Because of lack of precision apparent in the direct titra- 
tion method, the writer found it desirable at an early stage in the mastitis 
work to survey the literature and conduct experiments in an attempt to find 
a method which would not be too laborious and which would be sufficiently 
precise to detect small changes in chloride content, as well as small differ- 
ences in chloride values between different quarters. 


REVIEW OF LITERATURE 


The direct titration of chloride with silver nitrate and with potassium 
chromate indicator, in neutral chemical solutions in which interfering sub- 
stances are absent, was proposed by Mohr (14) in 1861. His data indicate 
that a slight excess of silver nitrate is always required to produce a visible 
endpoint. His method has been applied to the chloride test in milk by 
Richmond (18), Hammer and Bailey (8), Rosell (20), Sharp and his co- 
workers (24), and others. In Hammer and Bailey’s method, 10 volumes of 
water are added to 1 volume of milk before the titration, and the titration is 
carried out in a white porcelain dish in order to make the endpoint more 
visible. They reported that, although the direct titration gave results which 
were always higher than those obtained by titrating chloride in ashed sam- 
ples, it was ‘‘a satisfactory index of the chloride content.’’ 
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Hammer and Bailey found that the presence of casein is an important 
cause of positive error in the direct titration, an error which Poetschke (16) 
attributed largely to the presence of phosphates and to the evident fact that 
the endpoint is very indefinite. Poetschke reported much higher results by 
direct titration than by the ashing method; while he found that the positive 
error was reduced considerably and the visibility of the endpoints increased 
by titrating undiluted rather than diluted samples, the endpoints were still 
so indistinct that it was impossible to secure satisfactory results. 

Sharp and his co-workers (24) devised a direct titration method in which 
samples were titrated without first being diluted with water. They found 
that the positive error was relatively great when the amount of indicator used 
was small and when water was added before titration. They found that the 
endpoints were not satisfactory and they stated that, since the extent of the 
positive error was not known, values obtained by direct titration should be 
referred to as ‘‘direct titratable chloride values’’ rather than as percentages 
of chloride. Blood and Rowlands (2) stated that the percentage found by 
direct titration was always absurdly high; high results have been likewise 
reported by everyone who has made comparisons, including Weiss (33), 
Meyer (13), Drost (7), and others. W. L. Davies (6), who used and recom- 
mended a wet digestion and Volhard titration method, stated that the high 
results obtained by direct silver nitrate titration in milk are caused by chem- 
ical combination of silver ions with protein. 

Recently the use of an adsorption indicator, dichlorofluorescein, has been 
proposed by Kolthoff et al. (12) for direct titrations with silver nitrate. The 
color of a clear solution changes from a fluorescent greenish hue to a bright 
pink when the endpoint is reached, and the result in a clear solution appears 
to be strictly quantitative when interfering substances are not present; how- 
ever, Collier (4) has shown that, in biological materials, the pH of the 
sample has an influence on the endpoint, and should be 7.0 to 7.5. Rose (19) 
studied the use of this indicator for titrating chloride in milk, and reported 
that accuracy of results not only depends upon pH but is influenced by the 
presence of protein. If more than 3 per cent protein was present there was 
a proportional positive error and it was necessary to remove the protein 
before titrating. Hastings and Beach (10) state that the ashing method 
gives the lowest and most accurate values, the use of dichlorofluorescein gives 
somewhat higher results, and the use of chromate gives the highest vglues. 
They believed that a wet ashing method would be best for quantitative work. 

Of the strictly quantitative methods, the Volhard (30) titration has been 
used generally in physiological studies and has been used in analyses of milk 
principally by foreign workers. It has been demonstrated that, since milk 
does not contain significant amounts of colored substances which might inter- 
fere, it is feasible to omit the wet digestion procedure and thus materially 
shorten the procedure for determining chloride accurately by the Volhard 
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method. Moreover, it has been shown that the reagents added before titrat- 
ing may be combined, thus further simplifying the method. 

In such a procedure, as proposed for urine studies by Strauss (26), a 
standardized solution of silver nitrate containing nitric acid and ferric am- 
monium sulfate (ferric alum) indicator, known as the ‘‘ Martius-Liittke 
solution,’’ is added to the test material and the mixture is titrated with 
standardized potassium sulfocyanate. Drost (7) has shown that the pres- 
ence of proteins and other constituents in milk does not affect the results. 
He, and also Munchberg (15), obtained the same results in undigested milk 
samples by using this method as by using other quantitative methods. Al- 
though the writer has found no reference in the literature of this country to 
the Volhard titration of undigested milk, it is described in foreign literature 
as the simplest and quickest of the accurate methods (22) (23) (13). A 
modification of such a method has been published recently, in abstract form, 
by the writer (21). 

In a consideration of the chemical factors on which the usefulness of this 
method in milk is based, it is desirable to review work in which the open 
Carius (wet digestion) method, followed by the Volhard titration, has been 
used; such a procedure has been used successfully and is advocated prin- 
cipally by foreign workers (6) (3) (15). It was proposed by von Koranyi 
(31) for use in physiological fluids, and has been shown to yield quantitative 
results when used in milk (36) (2) (32) and other dairy products (25) (13). 
In the wet digestion method, the sample is digested by boiling in nitric acid 
and potassium permanganate or persulfate (3), in the presence of a known 
amount of silver nitrate, more than sufficient to combine with all of the 
chloride. The chloride combines with silver and the amount of excess silver 
is determined by titration, in the presence of ferric alum indicator, with a 
standardized solution of potassium sulfocyanate. The endpoint color 
changes from pure white to blood red and is comparatively distinct and 
easily read. 

The applicability of the Volhard method is based on the fact that sulfo- 
cyanate has a greater affinity for silver than it has for iron, and combines 
with all of the excess silver to form a white precipitate of silver sulfocyanate. 
When the silver is completely used, the sulfocyanate combines with ferric 
alum indicator to form ferric sulfocyanate, which is soluble and has a dis- 
tinct bleod red color. With nitric acid present, interference from the pres- 
ence of phosphate or other salts which precipitate silver in neutral but not 
in acid solutions is eliminated ; moreover, there is no interference caused by 
copper, iron, and other common metals, as there is with chromate in Mohr’s 
method. 

Van Slyke and Donleavy (29) precipitated protein and chloride in 
plasma with silver nitrate, nitric acid, and picrie acid. The material was 
then filtered and titration was carried out in an aliquot of the filtrate with 
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standardized potassium iodide in the presence of an indicator containing 
starch, nitrite, and citrate. This procedure, slightly modified, was used re- 
cently by Reder (17) for determining chloride in milk. However, it has 
been shown by Van Slyke (28) and his co-workers that the Van Slyke-Don- 
leavy method when applied to whole blood gave data which were 30 to 40 
per cent too high, and they indicated that some component of the mixture 
other than chloride has the property of binding silver. They showed that 
in the case of whole blood, as is described below by the writer in the case of 
milk, the silver nitrate must be added after, rather than before, filtration. 
Van Slyke discarded the protein precipitation and potassium iodide titration 
method in favor of the wet digestion and Volhard titration method, and con- 
firmed the precision of the latter. 

Sunderman and Williams (27) found that, in blood analyses, the wet 
digestion and Volhard titration method is quantitatively accurate in com- 
parison with standard gravimetric procedures. In analyzing solid tissues, 
however, they obtained concordant values for chloride only when they sub- 
jected the material to a preliminary alkaline digestion to prevent volatiliza- 
tion of chloride. 

Conditions necessary for an accurate Vol'.ard titration have been pre- 
scribed by Harvey (9) and by Whitehorn (34) ; they showed that it is not 
necessary to filter off the silver chloride precipitate before titrating, and that 
an essential consideration is the use of the proper amount of nitric acid, 
which decolorizes the untitrated indicator and also causes a maximum coagu- 
lation of the silver chloride crystals, with a consequent reduction of the 
amount of surface exposed for reaction with sulfocyanate. In addition, they 
showed that the presence of an abundance of ferric alum indicator retards 
any possible reaction between the precipitated silver chloride and the sulfo- 
eyanate and results in a deepening of the endpoint color. Whitehorn found 
further that accuracy was not increased by dilution, but that the volume of 
liquid should be small in order to insure sharpness of endpoint. 

Numerous workers have used protein precipitation and filtration methods 
for the preparation of milk sera in which to determine chloride values. 
Poetschke (16) precipitated the proteins by means of copper sulfate and 
sodium hydroxide, filtered, and determined chloride in an aliquot by the 
Volhard method. Weiss (33) used aluminum sulfate and sodium hydroxide 
as the precipitant and titrated chloride in the filtrate with chromate indi- 
cator; Blood and Rowlands (2) used picrie acid, and Drost (7) used nitrie 
acid as the precipitant. The writer has used the method of Weiss in com- 
parison with other methods and found that it gives lower and more accurate 
values than are obtained by Mohr’s direct titration method. However, there 
is some error in protein precipitation methods if correction is not made for 
volume of precipitate (16) (6), and the work of making the material up to 
volume and filtering makes these methods so laborious that it did not seem 
advisable to include them in this study. 
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The dry ashing method is too laborious for routine or general laboratory 
work. Moreover, it has been indicated by numerous workers (3) (7) (5) 
that there is a considerable loss of chloride in the ashing method unless a base 
is added to prevent its volatilization (32) (36), and there is some evidence 
that a slight loss of chloride may occur even when compounds containing 
sodium are added (5) (3). According to H. E. Davies (5), the loss may 
occur mostly during the early stages of heating, and, in the absence of a suf- 
ficient amount of base, chloride passes off as hydrochloric acid. 

In the official method of the Association of Official Agricultural Chemists 
(1) for determining ash in milk, nitric acid is added to aid in oxidizing 
organic material, and no mention is made of the addition of a base to bind 
the negative elements such as chlorine and phosphorus. It is evident, in 
view of the results of H. E. Davies mentioned above, and in view of the loss 
of chloride in ashing milk reported by Poetschke (16) and others, that the 
official method is deficient in these two respects—acid should not be added, 
and a basic material should be incorporated in the material to be ashed. 


METHODS 


1. Volhard titration without preliminary digestion: To 10 ce. of milk is 
added a measured quantity of the 0.0291 N special silver nitrate solution 
described below, more than sufficient to combine with all of the chloride; 
ordinarily 15 ce. is the amount used. The mixture is titrated with a 0.0291 
N solution of potassium sulfocyanate. The number of ce. of silver nitrate 
solution used minus the titration value, multiplied by 0.01, equals the per- 
centage of chloride. 

Special silver nitrate solution: Exactly 4.9438 grams of C. P. Silver 
nitrate is dissolved in water, about 200 ec. of concentrated nitric acid and 
about 300 ec. of a saturated solution of ferric ammonium sulfate indicator 
are added, and the mixture is cooled and made up to 1 liter. C. P. silver 
nitrate can be used with reasonable accuracy as a primary standard, and the 
sulfoeyanate should be standardized against it before use. 

2. Open Carius (wet) digestion and Volhard titration: To 10 ce. of milk 
in a 300 or 500 ce. Erlenmeyer flack are added, first, 15 ce. of a 0.0291 N 
(4.9488 grams in 1 liter) solution of silver nitrate, or an amount more than 
sufficient to combine with all of the chloride, and then 15 to 20 ce. of con- 
centrated nitric acid and about 50 ce. of water. The material is heated to 
boiling and 2 successive 5-ce. portions of a saturated solution of potassium 
permanganate are added slowly, drop by drop, to aid in digestion. The mix- 
ture is boiled (b. p. about 105-109° C.) slowly until it is clear yellow and 
contains no sediment other than coagulated silver chloride. It is then cooled, 
5 ee. of a saturated solution of ferric ammonium sulfate indicator is added, 
and titration of excess silver is carried out with a 0.0291 N (2.8280 grams in 
1 liter) solution of potassium sulfocyanate, until a trace of blood red color 
remains for at least 1 minute. Chloride is calculated as in method No. 1. 
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The 0.0291 N solutions described are of such concentration that each ee. 
equals 0.01032 gram of chlorine; the percentage of chloride may be read 
directly, in analysis of 10 ee. of milk and with solutions of this normality, if 
one assumes that the specific gravity of the milk is 1.032. In the early part 
of the work described herein, 0.1711 N solutions were used, for the reason 
that, with solutions of this concentration, direct readings for sodium chloride 
were made in analyzing weighed samples of cheese in a method proposed by 
the writer and published previously (25) (35). With the higher concentra- 
tion of reagents, 15-cce. samples of milk were used and the correction factor 
used was 0.0392. If 0.10 N solutions are used with 10-ce. samples, the factor 
is 0.03436 ; with 10-gram samples it is 0.03546. 

3. Direct titration with silver nitrate: In titrating with potassium chro- 
mate indicator, 10 cc. of milk was measured accurately into a porcelain dish 
and 50 ee. of water and 1 ce. of a 10 per cent solution of potassium chromate 
were added. The titration was then carried out with a 0.0291 N solution of 
silver nitrate until a definitely visible brick-red color became evident. 

In titrating with dichlorofluorescein indicator, the procedure outlined 
above was used, except that 5 drops of indicaor was added; the titration was 
carried out until a faint pink tint was evident, as described by Hastings and 
Beach. The indicator was made up by dissolving 0.1 gram of the reagent in 
100 ee. of 70 per cent ethyl alcohol. 

4. Dry ashing: Ten ce. of milk was measured accurately into a platinum 
erucible, dried over night under vacuum at 100°, and ashed in a muffle at a 
very low red heat, at not over 600° ; in some cases the samples were ashed in 
porcelain dishes over a free flame, and in some cases it was necessary to re- 
move the charred material by washing it with water onto a filter and com- 
plete the ashing of the filter paper and its contents. The method is essen- 
tially the same as that of the Association of Official Agricultural Chemists 
(1) except that it was found necessary to add a base to prevent loss of 
chloride, and the use of nitric acid as an oxidant was dispensed with ; the base 
used was sodium hydroxide, 5 ce. of a normal solution being added to the 
sample before it was dried. 


RESULTS 


In the present work, the Volhard method has been taken as a standard 
for quantitative accuracy for the reason that, among all the references which 
the writer has found in which it has been used in comparison with other 
methods and in which the conditions prescribed by Volhard and by others 
mentioned herein have been adhered to, the accuracy of results obtained has 
not been questioned. 

Data obtained in analyses of several milk samples by the methods out- 
lined above, and representative of a large number of comparative tests, are 
shown in Table 1. The preliminary alkaline digestion method of Sunder- 
man and Williams, referred to above, was used with the Volhard titration 
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as an added precaution against the volat‘lization of chloride in digesting the 
samples for which data are shown under method 2B. The concordance of 
these results with results obtained by the ordinary open Carius (wet diges- 
tion) method followed by the Volhard titration, shown under method 2A, 
shows that there is no loss of chloride in the ordinary wet digestion method. 
It was found, however, that as Collier (4) and others (32) have pointed out, 
a considerable loss of chloride occurred when milk was boiled with nitric 
acid without the previous addition of an excess of silver nitrate. It was 
noted also that there was no difference in results whether or not the silver 
ehloride precipitate was first removed by filtration before titration. 

Results obtained by the Volhard titration in undigested samples by the 
use of the combined silver-acid-alum reagent (method No. 1), shown in Table 
1, were consistently concordant with results obtained by the open Carius 
(wet digestion) method taken as a standard. 

The Volhard titration, conducted with the combined reagent and in undi- 
gested milk, is characterized not only by accuracy but also by ease and speed 
of operation; once the two standardized solutions have been prepared, the 
test is carried out nearly as quickly as is the direct titration with chromate 
and silver nitrate. Asa result of the accuracy with which the Volhard titra- 
tion was conducted in undigested samples with the combined silver-acid-alum 
reagent, the writer recommends this procedure—method No. 1 described 
above—for determining chloride in milk, in cases in which accuracy is suffi- 
ciently important to justify the slight amount of extra time which may be 
required in comparison with the direct Mohr mehod. 

In the titration, a definite change in endpoint color is apparent when 3 to 
5 extra drops of titrating solution are added, equal to 0.15 to 0.25 ee., which 
amount is equivalent to 0.0015 to 0.0025 per cent chloride. The titration 
values were about 0.1 ec. higher when samples being titrated were diluted 
with 50 ec. of water in comparison with undiluted samples—an amount 
equivalent to 0.001 per cent chloride. Under the conditions specified, end- 
point errors do not exceed 0.3 ce. in titration value, or 0.003 per cent chloride. 

Results obtained with chromate indicator in a large number of tests were 
usually 0.02 to 0.045 per cent higher than those obtained by the Volhard 
titration; results with dichlorofluorescein were about midway between the 
normal values for the Volhard titration and the abnormally high values ob- 
tained with chromate. Similar results were reported by Hastings and 
Beach. It is shown in the lower two lines in Table 1 that the positive error 
for both chromate and dichlorofluorescein is increased when the percentage 
of easein in the sample is high. This fact indicates that the subtraction of a 
constant correction factor would lead to erroneously variable results. 

Attempts were made to increase the accuracy of the direct titration by 
analyzing samples prepared as follows: (a) Proteins were precipitated by 
adding to the undiluted sample an equal volume of a saturated solution of 
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zine sulfate in 70 per cent ethyl alcohol; (b) Casein was removed by adding 
rennet and filtering, and an aliquot was titrated; (¢) Samples were titrated 
without being diluted with water. Data secured in these tests are shown 
in Table 2. 

TABLE 2 


Effects of dilution of sample, precipitation of protein, and removal of casein, in the direct 
titration of chloride in milk 


Direct titration with silver nitrate 


Potassium chromate Dichlorofluorescein 
Volhard 
Sample indicator indicator 
titration 
with 50 ce, | with 50 ee. 
undiluted undiluted | water 
% % % % | Ge 
Mixed herd milk 0.081 0.107 0.120 0.098 0.110 
Same, protein precipitated! .098 .093 
Whey from above milk 
(casein removed) .083 .097 .109 .093 105 


1 Ten ce. of a saturated solution of zine sulfate in 70 per cent ethyl alcohol was added 
to 10 ce. of milk, as a protein precipitant, before titration. 


The results indicate that, in the case of either indicator, chloride values 
ean be reduced slightly by titrating the samples undiluted rather than di- 
luted with water, and by precipitating protein or removing casein. While 
these modifications add to the accuracy of the method, the values are still 
considered to be too high and the endpoints too indistinct in the case of both 
indicators. 

The fact that chemical combination occurs between silver and milk pro- 
tein, as claimed by W. L. Davies in work cited above, was demonstrated by 
analyzing samples of milk serum prepared as follows: 

(A) To 20 ce. of milk in a 100 ec. volumetric flask there were added 50 
ec. of water and 10 ec. of nitric acid, the flask was fille’ to the 100 ce. mark 
with water, the contents were mixed, and the material was filtered. To 50 
ee. of the filtrate there was added 15 ce. of 0.0291 N silver nitrate solution 
and the Volhard titration was then carried out; (B) Thirty ee. of 0.0291 NV 
silver nitrate solution and 10 ce. of ferric alum indicator were added to 20 ce. 
of milk and after the sample was made up to volume and filtered as described 
above, 5 ec. of nitrie acid was added to 50 ee. of the filtrate and the Volhard 
titration was carried out. The titration values in the filtrates were 7.00 ce. 
and 5.20 ce. of 0.0291 N sulfocyanate, respectively. It was apparent that a 
portion of the silver had combined with the protein precipitate in the second 
sample, resuling in a low value for silver in the filtrate and a positive error 
for chloride in the analysis. The error is similar to that found by Van Slyke 
in blood analyses. The combination of silver with protein indicates that, if 
a filtration method is used, the silver nitrate should be added to the serum 
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after filtration rather than to the milk before filtration. It is likewise a 
verification of the belief, expressed by W. L. Davies, that the positive errors 
obtained in direct titrations with silver nitrate are caused partially by the 
tendency of silver ions to combine with protein. The validity of this con- 
clusion is strengthened by the fact, shown in Table 1, that errors in direct 
titrations are greatest in those samples which contain the most protein. In 
the Volhard titration of undigested milk, the results indicate that the affinity 
of silver for sulfocyanate is sufficiently greater than that for milk protein to 
overcome this difficulty. 

It was noted that when a pure solution of sodium chloride was titrated 
with a pure solution of silver nitrate of the same normality, with chromate 
indicator, a slight excess of silver nitrate solution was always required to pro- 
duce a visible endpoint; the average of the excess titrations, with 0.0291 N 
solutions, was 0.15 ce.; similar results were reported by Mohr. This error, 
which did not oceur when dichlorofluorescein was used, serves to point out 
the necessity of standardizing the silver nitrate solution against a pure solu- 
tion of sodium chloride before use. 

There was a considerable loss of chloride in the dry ashing method, as 
shown in Table 1,—a loss which varied markedly and which apparently was 
not materially greater in high-chloride than in low-chloride samples; there 
was some evidence of a slight loss even when a base was added to bind the 
chloride. Poetschke (16) recommends the use of sodium carbonate for this 
purpose, in an amount equal to 5 per cent of the organic matter present. 
In this work, however, it was found that less difficulty was encountered 
because of foaming, and less time was required to burn the charred material, 
if sodium hydroxide was substituted. Results of tests in several milks, in 
which varying amounts of sodium hydroxide were added to samples of each 
milk before ashing, showed that an addition of 5 ec. of normal, chloride-free 
solution to 10 ce. of milk was more than sufficient to produce a maximum 
retention of chloride. 

SUMMARY 


The direct titration of chloride in milk by modifications of Mohr’s 
method, with silver nitrate and with potassium chromate indicator, yields 
results which are so erroneously high and variable that this method, even 
with a correction factor, is not considered suitable for the accurate deter- 
mination of chloride in milk. The direct titration method with dichloro- 
fluorescein indicator yields somewhat lower results, but results which are 
still considered too high and erratic to be relied upon. Indistinet endpoints 
with either indicator, and the adsorption of silver by protein, are pointed out 
as important sources of error. 

An easy and quantitatively precise modification of the Volhard method 
is proposed for determining chloride in milk. One combined reagent, con- 
taining standardized silver nitrate, nitric acid, and ferric alum indicator, is 
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added to the sample and the percentage of chloride is determined by titrating 
with standardized potassium sulfocyanate. 

Sources of error and methods of improvement in other methods, as well 
as conditions necessary for accurate Volhard titrations, are described. 
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ON ITS APPLICATION FOR DETECTING IRREGULARITIES IN 
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The need of a practical test for detecting the degree of pasteurization of 
milk has been felt for some time. Bacterial counts, recording thermometer 
charts, and plant inspections do not always furnish a reliable means for ascer- 
taining that milk has been properly pasteurized. 

It might be well to make brief mention here of the amylase test which was 
the first such test intended to aid in détecting irregularities in the pasteuriza- 
tion of milk. It was proposed by Rothenfusser (1) in 1930. Gould (2) in 
1932 suggested a modification, and Leahy (3) in 1934 reported another modi- 
fication and acclaimed it of great value in detecting improperly pasteurized 
milk. The amylase test did have some merit, but was not accurate or sensitive 
enough for detecting minor variations in pasteurizing treatments, as reported 
by Gilereas and Davis (4) and Storrs and Burgwald (5). 

In 1933 Kay and Graham (6) found, ‘‘that phosphatase is sufficiently 
thermolabile to be destroyed completely by pasteurization if this process is 
properly carried out.’’ 

They described a qualitative method for distinguishing between raw and 
pasteurized milk or cream and between butters made from raw and pasteur- 
ized cream. . 

This was the start of the ‘‘ phosphatase test?’ as we know it today. It has, 
of course, been considerably modified and improved. 


FACTS ABOUT THE ENZYME PHOSPHATASE 


All raw milk contains the enzyme phosphatase (6, 7, 19). Milk from 
individual cows varies in the amount of phosphatase present (7, 8). Milk 
from cows in early stages of lactation has low phosphatase content (7, 42). 
Milk from abnormal (mastitis) udders usually has higher phosphatase con- 
tent than milk from normal udders (8, 43, 44). It is not likely to vary 
greatly for mixed herd milk. That the phosphatase enzyme is associated with 
the fat is shown by Kay and Graham (6). It is not fat soluble, however, but 
is present in the thin protein layer which covers the globules or is adsorbed 
to the fat globule in such a way that the greater part is removed in the 
buttermilk. 

There is no relation between fat content and phosphatase content of raw 
milk, nor is there any relationship between the phosphatase content of the 
raw milk and of the phenol values obtained on the same milk pasteurized (5). 

The fact that the phosphatase is associated with the fat globules requires 
that the fat be well mixed with the milk before testing. 
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DESTRUCTION OF PHOSPHATASE VS. PATHOGENIC ORGANISMS 


Kay and Graham (6) show that at any temperature from 60 to 75° C. 
(140-167° F.) wherein 96% of the phosphatase is destroyed, there is a com- 
plete destruction of B. tuberculosis. 

Kay and Neave (19) report that over all ranges of temperature and time, 
Mycobacterium tuberculosis is destroyed rather more quickly than the phos- 
phatase, hence, all common pathogenic organisms which may be present in 
milk would be destroyed. 

‘As all raw milk contains the enzymes phosphatase (6, 7, 19) then we may 
assume that any milk which has been heated to a temperature above 60° C. 
for a sufficient length of time to destroy 96% or more of the phosphatase 
present would be free of pathogenic organisms providing the milk had not 
become contaminated with them after pasteurization. This would mean 
clean, treated equipment and containers, together with medical inspection of 
employees to prevent pathogens getting into the milk after pasteurization. 

Kay (20) reports that in the ‘‘flash’’ as well as in the ‘‘holder’’ range 
of temperatures for pasteurization, phosphatase is somewhat less readily 
destroyed than is Mycobacterium tuberculosis. 


KAY AND GRAHAM TEST 


In 1935 Kay and Graham (7) reported the phosphatase test for pasteur- 
ized milk. This test used disodium pheny! phosphate for the phosphoric ester 
as substrate in place of the sodium B-glycerophosphate reported in (6). This 
new substrate is hydrolyzed faster by the phosphatase than is the glycerophos- 
phate. Also, in this new test they measured the free phenol liberated by the 
enzyme rather than the inorganic phosphate liberated. 

The principal steps in conducting the test are :—1. the addition of small 
portions of milk under test to a large excess of phosphoric ester ; 2. incubating 
the milk phosphoric ester mixture under standard conditions during which 
time the phosphatase if present hydrolyses the ester (which otherwise is quite 
stable) ; 3. stopping the action after a given period of time followed by the 
colorimetric determination of the end products. 

Using a Lovibond tintometer for measuring the color after a 24 hour 
incubation period, they set a limit of 2.3 Lovibond blue units as a standard, 
as no sample which had been properly pasteurized at 145° F. for 30 minutes 
gave a color exceeding this limit. Storrs and Burgwald (5) and Burgwald 
and Giberson (15) found 2.3 Lovibond blue units a satisfactory limit for 
milk pasteurized at 143° F. for 30 minutes using Kay and Graham’s method 
with 24 hour incubation period. 

Kay and Graham report that this test would detect milk heated at 145° F. 
for 20 minutes instead of 30 minutes or milk heated to 1.5° F. below the 
minimum temperature for pasteurization, or the admixture of 0.25 per cent 
raw milk to properly pasteurized milk. 
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GILCREAS AND DAVIS MODIFICATION 


Results of work with this test in the United States were first reported in 
1936 by Gilcreas and Davis (4) using Kay and Graham’s (7) procedure, 
modified only in the method of reading, by preparing color standards con- 
taining known amounts of phenol instead of a Lovibond tintometer. As a 
result of their study using a 24 hour incubation period, they reported that a 
phenol value of 0.037 mg. or less per 0.5 ml. of milk indicated adequate pas- 
teurization (143° F. for 30 minutes). They reported that the test would 
detect as little as 5 minutes variation in holding time, additions of as little 
as 0.1 per cent raw milk to properly pasteurized milk, and could easily detect 
variations in temperature. They reported correctly interpreting the treat- 
ment of 94 out of 97 samples by the use of this test. (Prepared samples, 
treatment unknown to those making tests. ) 

In 1938 Gilereas (26) reported the results obtained by eleven cooperating 
laboratories in testing six weekly series of twelve samples of milk and cream, 
using the Gilereas and Davis modification of the Kay and Graham method. 
He increased the standard phenol value to 0.05 mg. of phenol per 0.5 ml. of 
milk as indicative of properly pasteurized milk at 148° F. He explains that 
‘*further experience indicated that variations in time of cooling or preheating 
might cause some variations in this value, so < 0.05 mg. phenol per 0.5 ml. 
milk was selected in this evaluation as an indication of complete treatment 
at this temperature.’’ 

Using this standard he found that the cooperating laboratories had re- 
ported 104 samples out of 110 that had been heated to 148° F. for 30 minutes 
had a phenol value of less than 0.05 mg. per 0.5 ml. of milk. Therefore, 
pasteurized milk was detected with a precision of 96 per cent. Addition of 
0.1 per cent raw milk was detected with a precision of 50 per cent while 
larger amounts were detected without exception. Holding at 143° F. for 
25 minutes was not detected with the precision expected. Gilcreas thought 
this was probably due to variations in preheating time. Twenty minute 
holding or less was detected without exception. 

Burgwald and Giberson (15) found that 0.04 mg. of phenol per 0.5 ml. of 
milk was satisfactory as a standard for milk pasteurized at 148° F. for 30 
minutes and enabled one to more accurately detect minor discrepancies in 
pasteurization. (Certainly a standard of 0.05 mg. phenol per 0.5 ml. of milk 
is generous and should never result in an interpretation of properly pasteur- 
ized milk as being underpasteurized. ) 


SCHARER (NEW YORK) LABORATORY TEST 


In 1937 (published in 1938) Scharer (10) reported a modification of the 
phosphatase test which was shorter, requiring only one hour incubation in 
place of 24, and less expensive than Kay and Graham’s method. Scharer 
used 2.6 dibromoquinonechloroimide (BQC) in place of Folin and Ciocalteu 
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reagent. The sensitivity of BQC to phenol is one part in twenty million 
and has the further advantage of reacting only with those phenols in which 
the position part of the hydroxy! group is unsubstituted to form indophenols. 
Folin and Ciocalteu’s reagent is lacking in specificity and has the disadvan- 
tage of reacting with other substances, such as tin salts, ferrous iron, tyrosine 
and tryptophane (11,12). However, these substances should not be present 
in dairy products to the extent that they would effect the test. Their pres- 
ence, however, would be detected in the controls. 

Scharer used phenol color standards and set as a standard for properly 
pasteurized milk (148° F. for 30 minutes) the blue color developed by 0.5 
p.p.m. (2.5 gamma) of phenol in 5 ml. or 2.5 phosphomonoesterase units. A 
color greater than this would indicate faulty pasteurization. 

He proposed for convenience to identify as a unit of blue the amount of 
color produced by 0.001 mg. of phenol per 5 ml. solution. Thus, the standard 
containing 0.5 p.p.m. of phenol would contain 0.0025 mg. (2.5 gamma) phenol 
per 5 ml. or 2.5 units, the standard containing 1.0 p.p.m. would contain 0.005 
(5 gamma) per 5 ml. or 5 units, ete. 

He reports the test will detect 1° F. variation in temperature, 25 minutes 
heating at 143° F. in place of 30 minutes, and the addition of 0.5 per cent 
of raw milk to properly pasteurized milk or cream. He later reported that 
0.1 per cent of added raw milk could be detected, and that for greater sensi- 
tivity a two hour incubation period should be employed (28). 

New inorganic color standards to replace this series of phenol standards 
because of their comparative instability was reported by Scharer in 1939 (28). 

Burgwald and Giberson (15) found that 2.5 phosphomonoesterase units 
(0.5 p.p.m. of phenol) were too low to indicate properly pasteurized milk by 
the holder method (148° F. for 30 minutes). It was found by the use of a 
Cenco photelometer that the blue color developed by milk pasteurized at 
143° F. for 30 minutes equivalent to from 0.7 to 0.9 p.p.m phenol. Tracy 
and Hahn (21) found that milk pasteurized at 143° F. for 30 minutes devel- 
oped a blue color equivalent to 0.6 p.p.m. of phenol, and Hahn and Tracy (22) 
found that milk pasteurized at 143° F. for 30 minutes developed a blue color 
equivalent to 0.8 p.p.m. of phenol. Both of these tests were obtained with 
the use of a photoelectric cell for measuring the blue color. 

It is possible that the use of the new color standards will prove more satis- 
factory than the old ones. 


SCHARER’S RAPID FIELD TEST 


Scharer (10) also developed a rapid test for use in the field. This field 
test could be completed in 10 to 15 minutes at the plant. (A compact kit 
containing all necessary equipment and chemicals is obtainable from R. P. 
Cargille Company, New York.) This test was not as sensitive as the labo- 
ratory test. Properly pasteurized cream gave a grey or white color, and 
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properly pasteurized milk a grey or brown color. According to Scharer, 
samples that developed 10 or more units by the laboratory test would also 
give a blue color with the field test. In some cases on cream it gave a blue 
color when the laboratory test showed 7.5 units of color. 

Scharer (13) later reported improvements in his rapid field test. The 
new test was run in the usual manner, but after development of color, 2 ml. 
of normal butyl alcohol (neutral) are added and the indophenol formed is 
extracted by -inverting the test tubes slowly at least 10 times for milk, four 
or five times is usually sufficient for cream, further extraction usually extracts 
the fat adding yellow and green color to the alcohol layer. The appearance 
of any blue or blue green color in the alcohol layer is indicative of improper 
pasteurization. 

Inorganic color standards have been prepared for indicating the maxi- 
mum color value permissible for pasteurization at 142° F. for 30 minutes. 
This is reported to be the same color obtained when 0.2 per cent raw milk is 
added to properly pasteurized milk. A color standard has also been prepared 
for 0.5 per cent added raw milk. 

The use of this modification, together with the following improvements 
in reagents have resulted in a more accurate test. Improvements have been 
made in preparing commercially a mare stable, practically phenol free ester 
carefully controlled as to pH and containing an almost negligible amount 
of Na,HPO,. This ester is so pure that Scharer reports that a 50 per cent 
reduction in the concentration of the substrate is feasibe. “(Available under 
name of Phenfree. ) 

BQC reagent has been improved and made purer, reacts more quickly, 
and gives better results. The catalytic effect of magnesium has been inves- 
tigated and found to result in a further gain in hydrolysis of the substrate 
per unit of enzyme. All of these improvements together have resulted in 
making the rapid field test comparable to the one hour laboratory test and 
the 24 hour Kay and Graham test in accuracy, according to Scharer. 

Giberson (14), Burgwald and Giberson (15) found this improved field 
test to be nearly as effective as any of the laboratory tests. They found the 
BQC varied in sensitivity, however. (This, however, has been corrected 
since their work was reported.) BQC tablets now obtainable have proven 
more sensitive and reliable. Instructions concerning precautions necessary 
in making tests should be followed closely. 

Roger (16,17) found the test to be very effective in detecting discrepancies 
in pasteurization. The fact that it can be run in the plant at the time of 
taking samples, aides materially in tracing the trouble when underpasteurized 
milk is found. 

He reports that while amy] alcohol does not extract as much of the indo- 
phenol blue it has some advantage over buty! alcohol in that it does not extract 
as much of the vellow color from high color milk and cream, which may 
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interfere with tests on slightly underpasteurized products. However, buty! 
aleohol is satisfactory for most practical purposes. He, also, reports that 
incubating the samples for 30 minutes in place of 10 minutes develops more 
blue color in underpasteurized samples, but has no effect on properly pas- 
teurized samples, thus giving greater color contrast between properly pasteur- 
ized samples and samples which may be only slightly underpasteurized. 

By this method he found that milk which was heated to 142° F. or lower 
for 40 minutes or less gave a blue color. Also milk heated to 148° F. for 25 
minutes or less gave a blue color and milk heated to 144° F. for 20 minutes 
or less gave a blue color. Milk heated to 145° F. for 20 minutes or longer 
gave a color indicative of properly pasteurized milk. Incubation at 47° C. 
for 30 minutes had little or no effect on the test when compared to 37° C. for 
30 minutes. He reports, some 18,000 tests run during the past year have 
proven the Scharer rapid field test to be reliable when properly used. 

A report given by Gilecreas (27) at the meeting of the Association of Offi- 
cial Agricultural Chemists, Washington, D. C., November 15, 1938, showed 
that of the various laboratories cooperating in making tests on samples sent 
out by him, no laboratory correctly determined the treatment of all sanyples. 
Some of them found properly pasteurized samples as being underpasteurized 
and underpasteurized samples as properly pasteurized. The total results of 
this test showed it to be very ineffective. The Department of Dairy Tech- 
nology, Ohio State University, was one of the cooperating laboratories and a 
comparative test ising Kay and Graham’s method was also run on 60 of the 
72 samples submitted. The results of this comparison were reported by 
Burgwald and Giberson (15). At that time the key to the samples was not 
available. Since obtaining the key it was found that 13 of the 60 samples 
had been properly pasteurized and that they were so indicated by all of the 
tests. Of the 47 samples which had been underpasteurized 44 had been 
detected by the Kay and Graham test, and 25 by the improved field test and 
only 7 by the old field test. This was when using the buffer substrate and 
BQC tablets for the field test sent out by Gilereas. When reagents prepared 
in the laboratory were compared with those received for the test, it was found 
that there was a decided difference in the sensitivity of the BQC solution made 
up from different tablets and from that prepared in the laboratory from BQC 
powder. We have since obtained tablets that have proven very uniform as 
to sensitivity and stability. Using the more sensitive BQC solution we found 
that 35 samples were underpasteurized. Six other samples showed a slight 
greenish tint which had been interpreted as pasteurized but which should 
have been interpreted as underpasteurized. In no instance were any samples 
which had been properly pasteurized interpreted as underpasturized. 

It is difficult to understand in Gilereas’ (27) report how 42 out of 242 
tests on 16 samples of milk and cream pasteurized at 143 and 145° F. for 30 
minutes should be interpreted as underpasteurized by this test. Certainly 
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it looks as though reagents or glassware had been contaminated as no other 
investigator had ever reported properly pasteurized milk as underpasteurized 
by this test (10, 13, 14, 15, 16,17). No doubt the yellow color extracted by 
the butyl alcohol interfered in some cases, especially with cream. 

It should be stated, however, that the majority of the laboratories reported 
those samples which had been properly pasteurized, as such. 

Scharer (38) and Rice (34) report that the test has been applied to more 
than 100,000 samples by the New York City Department of Health and has 
been proven satisfactory. Certainly Scharer’s and Roger’s results should 
merit consideration, in view of the large number of samples involved. 

Roger’s modification (16, 17) using amy] alcohol in place of butyl, and a 
30 minute incubation time in place of ten minutes should give more accurate 
results. 


FACTORS WHICH MAY EFFECT THE ACCURACY OF THE PHOSPHATASE 
TESTS, AND PRECAUTIONS NECESSARY 


Anderson, Herschdorfer and Neave (12) made a careful study of Kay and 
Graham’s (7) technic and reported as follows: 

Stability of Reagents 

Buffer substrate.—This solution with a few drops of chloroform to prevent 
growth of microorganisms if kept in a refrigerator will show no hydrolysis 
for at least nine weeks. 

Folin’s reagent must be entirely free of greenish tinge. It showed no 
sign of decomposition in four months. The dilute reagent did not show 
any sign of decomposition over a period of one week. Kay and Graham (7) 
report it must be carefully made up according to directions. Sodium car- 
bonate solution had a tendency to form a precipitate after a short time. It 
is advisable to control its strength by titration. It is also advisable to add a 
few drops of chloroform. 

Equipment 

Accurate pipettes for measuring milk and carbonate solution must be used. 

Test tubes marked at 10 ml. must be accurate within + 0.1 ml. 

Filter papers—Whatman No. 30 filter papers are satisfactory but No. 42 
papers give more satisfactory results. Kay and Graham (7) report a good 
acid washed paper should be used. Whatman No. 30 was satisfactory. 
Methods. 

All glassware used should be washed with hot soda solution and rinsed 
with distilled water. 

Variations of } hour in incubation period had no effect on results. 

Gilcreas and Davis (18) showed that there was no significant variation in 
phenol values if samples are incubated between 18-24 hours but progressive 
inaccuracies occur when a period shorter than 18 hours is used. 

After incubation the tubes should be cooled below 20° C. before adding 
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Folin reagent, as there is a tendency to increase slightly the blue color at 
higher temperatures. 

Slight variations in quantity of Folin reagent added had no effect. 

It is important to filter at end of three minutes after adding the Folin 
reagent, and to remove the funnels as soon as 10 ml. of filtrate has been 
obtained. Delay will give a higher reading (more blue color). 

The exact amount 2.0 ml. of sodium carbonate of the proper strength 
(14% ) should be used. Too little or too low concentration will give high 
results ; too much or too strong will give low results. 

All tests should be run in duplicate and results should agree within 0.1 
Lovibond blue unit. 

The control tests are completed immediately. Kay and Graham (7) 
report that the control tests should not develop more than 1.5 Lovibond blue 
units. 

Kay and Graham (7) caution that care must be exercised to keep phenols, 
ete., at a safe distance from test reagents and apparatus in the laboratory. 

Scharer (10) reported that disodium phenyl phosphate may contain free 
phenol and should be washed with ethyl ether until the washings give a nega- 
tive test for phenol. Then air dry briefly to remove ether and then dry in 
desiccator, and store in refrigerator. 

The buffer substrate should have a pH of 9.6 and should be checked, using 
Thymolphthalein as an indicator. 

Scharer (10) reports that certain precautions should be observed in run- 
ning his laboratory test. 

A blank should be run on reagents daily. If the blank produces blue 
color, the solution of buffer substrate should be discarded, or it may be used 
if phenol is extracted with butyl alcohol (13, 16). Samples of milk and 
cream, if cold, should be warmed to room temperature before pipetting. If 
incubator, rather than water bath is used, the test tubes should be placed in 
water at 40° C. for a minute or two before placing in the ineubator (10). 
Avoid phenolic resin bottle closures (13). 

If filtrate is clouded following use of basic lead acetate, or on addition of 
} ee. borate buffer, it may be clarified by centrifuging at a speed of 800 r.p.m. 
He later states that the turbidity of filtrate can be cleared up by adding a 
few drops of m/5 Na,PO; solution (13). Precautions must be taken to 
prevent saliva getting into test. 

Burgwald and Giberson (15) found that BQC powder was more sensitive 
than the tablets. Scharer (13, 28) reports that both substrate and BQC 
tablets have been improved. BQC solution should be stored in brown bottles 
and best not to use when over 12 hours old. 

In Scharer’s rapid field test, technic must be followed closely, and pub- 
lished precautions strictly adhered to. 


‘ 


PASTEURIZATION OF MILK AND DAIRY PRODUCTS 861 


EFFECT OF AGE OF SAMPLE AND BACTERIA ON THE PHOSPHATASE TEST 


Age has no apparent effect on the phosphatase test when samples are held 
under refrigeration so that there is no appreciable growth of bacteria and 
samples do not sour (4, 10,12, 15,18). Samples have been held up to 15 days 
in some cases, without effect on test. When samples soured Gilereas and 
Davis (4) reported samples of pasteurized reacted as underpasteurized. 
They later report that increased acidity lowered the phenol values (18). 
Scharer (10) found that on souring most samples gave a lower phenol value, 
and none gave a higher value with his test. When sour samples were neu- 
tralized with Na.CO, to a pH of 6.6 before sampling phenol values again 
approached the original as obtained on the fresh milk. Burgwald and 
Giberson (15) found the same to be true. 

Some types of bacteria do effect the Kay and Graham test (7, 12, 15) and 
this may account for the fact that Gilcreas and Davis (4) obtained an increase 
in phenol value when properly pasteurized milk soured ; due probably to the 
presence of proteolytic organisms (15). Folin and Ciocalteu (11) show that 
certain protein decomposition products such as tyrosine and tryptophane will 
give a blue color with their reagent. Scharer (10) states that these products 
would not react with BQC. 

The writer has since tested boiled milk inoculated with S. liquefaciens and 
incubated and obtained a positive test by the Kay and Graham method but a 
negative test by Scharer’s method. 

Even though certain bacteria may cause interfering products to be formed 
in milk, it would be rare that they would be present in sufficient numbers to 
cause errors in the Kay and Graham test. However, if they should be present 
to such an extent, the use of control tests would indicate it. 

When refrigeration is not available and it is necessary to hold samples 
for some time or to ship them, they may be preserved without effect on the test. 
Tracy and Hahn (21, 22) found that corrosive sublimate tablets could be 
used as a preservative. Warming the samples to 100° F. so that the fat could 
be remixed thoroughly had no effect on the test. 


COMPARISON OF THE VARIOUS PHOSPHATASE TESTS FOR ACCURACY IN DETECTING 
DISCREPANCIES IN THE EFFICIENCY OF PASTEURIZATION OF MILK 


Burgwald and Giberson (15) compared the various laboratory tests on 
both laboratory pasteurized samples and on commercially pasteurized samples 
of milk. 

Using 2.3 Lovibond blue units as a standard for the Kay and Graham test, 
the samples of milk pasteurized in the laboratory at 143° F. for 30 minutes 
showed 2.5 blue units. However, only a 3 minute preheating period was 
used. All underpasteurized samples were detected as such. On commer- 
cially pasteurized samples, temperatures and holding time checked. (Pre- 
heating period of 18 to 20 minutes.) Three samples of properly pasteurized 
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milk out of 29 were indicated as underpasteurized, while 26 out of 26 actually 
underpasteurized were detected as such. 

Using Gilereas and Davis standard of 0.04 mg. phenol or less per 0.5 ml. 
of milk as indicating properly pasteurized milk, all samples of laboratory 
pasteurized milk tested were properly identified except one heated to 142° F. 
for 40 minutes which was indicated as properly pasteurized. Of the plant 
pasturized samples no properly pasteurized sample was indicated as under- 
pasteurized, but four out of 26 were indicated as properly pasteurized which 
had been underpasteurized. Three of these samples, however, had been only 
slightly underpasteurized and one had had 0.1 per cent raw milk added to 
milk pasteurized at 143.5° F. for 30 minutes. 

Seharer’s laboratory test using 2.5 phosphomonoesterase units as indicat- 
ing proper pasteurization was found to be somewhat too low. (Also shown 
in reference 21, 22.) All samples of underpasteurized milk were detected 
with this unit, but too many properly pasteurized milks were indicated as 
underpasteurized as follows, two laboratory pasteurized samples and 11 out 
of 29 plant pasteurized samples were so indicated. 

When less than 5.0 units were used as an indication of properly pasteur- 
ized milk, all laboratory pasteurized samples were properly identified and 
all plant pasteurized, with the exception of one, were properly identified. 
This exception was a sample of milk which had been pasteurized at 148° F. 
for 30 minutes to which 0.1 per cent raw had been added. 

The fact that these results do not agree with the standard set by Scharer 
(10) seem to be due to a possible difference in the sensitivity of the BQC 
solutions used. Tracy and Hahn (21, 22) also found 2.5 units to be too low. 
Scharer (13) reports that BQC reagent has been improved, reacts more 
quickly and gives better results; this then, may be the reason for the differ- 
ences. 

When we compare all three tests critically, we find them to be of approxi- 
mately equal accuracy in detecting underpasteurization. All of the tests 
detected milk which had been heated to only 142° F. for 30 minutes, milk 
which had been held for only 25 minutes or less at 143° F. and the addition 
of 0.1 per cent added raw milk. 

The tests were equally effective on milk pasteurized in the plant by the 
high temperature short time holding method. A comparison was also made 
between the Scharer old rapid field test, the improved field test, and the Kay 
and Graham test. 

The results show that the improved rapid field test using 10 minute 
incubation is much more sensitive than is the old one, but it is not quite as 
sensitive as the laboratory test. 

APPLICATION OF PHOSPHATASE TEST FOR TEMPERATURE OTHER 
THAN 145° F. ror 30 MINUTES 


This test according to Kay and Graham (7) could be adapted or modified 
for any pasteurizing temperature by simply changing the incubation period 


PASTEURIZATION OF MILK AND DAIRY PRODUCTS 863 


of the test. They suggested the following incubation periods for the different 
temperatures. (Taken from their graphic presentation. ) 


Temperature of pasteurization Approximate length of 
30 minute holding incubation period 

°F. 

140 1 hr. O min. 
141 1 hr. 30 min. 
142 2 hr. 30 min. 
148 4 hr. 20 min. 
144 7 hr. 45 min. 
145 24 hr. O min. 


Gilcreas and Davis (4) showed that a 24 hour incubation period could be 
used for a pasteurizing temperature of 143° F. for 30 minutes. They, how- 
ever, used a different standard for measuring the color formed by the liber- 
ated phenol than did Kay and Graham. Gilcreas and Davis found the test 
to be somewhat more sensitive than did Kay and Graham. 

Storrs (8) and Storrs and Burgwald (5) using Kay and Graham’s (7) 
method with Lovibond tintometer and 2.5, 5.0, and 24 hours incubation 
periods on samples of milk pasteurized in laboratory, found that a 2.5 hour 
incubation was too long for milk pasteurized at 140° F. for 30 minutes. An 
incubation period of more than 2.5 hours but not more than 5 hours should be 
used for milk pasteurized at 142° F. for 30 minutes. An incubation period 
of five hours was too short to detect underpasteurization of milk at 148° F. 
for 30 minutes, and an incubation period of 24 hours was slightly too long 
in a few instances, however, the maximum blue color developed with a 24 
hour incubation period was never more than 2.5 units. Another factor that 
must be considered here is that the preheating time was only three minutes 
while in commercial practice the preheating time is usually 15 to 20 minutes. 
They were unable to detect milk as underpasteurized which had been heated 
to 145° F. for 20 minutes with a 24 hour incubation period. This did not 
agree with the findings of Kay and Graham (7) who were able to detect 20 
minute holding at 145° F. 

Scharer (10) reported for his laboratory test that pasteurization at various 
temperatures for 30 minutes gave results expressed in this proposed phospho- 
monoesterase units as follows : 


250-500 units 
100 units 
10 units 


APPLICATION OF THE PHOSPHATASE TEST TO MILK PASTEURIZED AT HIGH 
TEMPERATURE FOR SHORT HOLDING PERIODS 


The phosphatase test is equally as effective for detecting irregularities in 
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high temperature short time holding systems of pasteurization as in the vat 
systems of pasteurization (5, 8, 9, 10, 12, 14, 15, 23, 24, 25). 

Storrs and Burgwald (5) report that an incubation period of 24 hours was 
too long for milk pasteurized in the laboratory at 160° F. for 15 seconds. 
However, it was satisfactory for milk held for 20 seconds at that temperature. 
Burgwald and Giberson (15) showed that all of the tests run on commercially 
pasteurized samples of milk at 160.5° F. for 16+ seconds gave negative 
readings. 

Most commercial plants using this system hold for slightly longer than 15 
seconds. Scharer (10) found the length of holding time to be 17 to 18 sec- 
onds, Burgwald and Giberson (15) 16+ seconds, and Hoy and Neave (23) 
reported the holding time to be in the order of about 20 seconds. 


APPLICATION OF THE PHOTELOMETER TO THE PHOSPHATASE TEST 


Anderson, Hersechdorfer and Neave (12) showed that either a photometer 
or colorimeter could be used for accurately measuring the blue color developed 
in the Kay and Graham phosphatase test. They reported that with a photo- 
meter it was possible to measure the color to an accuracy of 0.02 of a unit. 

Tracy and Hahn (21, 22) used a photoelectric cell with the Scharer 
laboratory test. They report that the photelometer was more sensitive than 
the naked eye and was necessary to detect 0.1 per cent added raw milk; 0.2 
per cent or more could readily be detected with the naked eye. With its use 
they detected 5 min. variation in holding time and 1.0° F. variation in tem- 
perature. 

Burgwald and Giberson (15) applied the photelometer to both the Kay 
and Graham and Scharer’s laboratory test, with good results, and in some 
instances it proved more effective than the naked eye. Its accuracy depends 
only upon the accuracy with which it is calibrated ; once calibrated it will not 
change in its accuracy, while color standards may fade. Also light conditions 
may effect color comparisons, but not the photelometer. 


APPLICATION OF THE PHOSPHATASE TESTS TO CREAM 


All of the tests mentioned are applicable to the detection of irregularities 
in the pasteurization of cream as well as of milk (6, 7, 10, 13, 14, 16, 17, 18, 20, 
24, 25, 26, 27, 28, 29). 

In some instances slight modifications are mentioned. Kay and Neave 
(24) state ‘‘the most convenient method of applying the phosphatase test (to 
cream) is to dilute the cream with water until it contains some +6 per cent 
of butterfat, and then treat it as if it were milk.’’ 

The general procedure with all of the laboratory tests, however, is to apply 
the test to cream without dilution. 

Scharer (13) states that in his rapid field test ‘‘if the butyl alcohol extrac- 
tion is resorted to (for cream) it is usually sufficient to invert the test tube 


Pr 
oe 


PASTEURIZATION OF MILK AND DAIRY PRODUCTS 865 


4 or 5 times. Further inversion may extract fat adding yellow and green 
colors to the alcohol layer. Cream high in carotene may yield these colors.”’ 

It has been shown that the enzyme phosphatase is associated with the fat 
globules (6). 

It has also been shown that cream separated either by gravity or mechani- 
cally from pasteurized milk gave higher and the skim lower phosphatase 
readings than the milk, and frequently such creams separated from properly 
pasteurized nilks would give a reaction of being underpasteurized. 

Raw cream was also reported to contain a higher phosphatase content than 
the milk from which it was separated (28). 

This shows the necessity for proper mixing of sample to get the fat dis- 
tributed before making test. 

No difficulties were encountered with cream pasteurized after separating 
(25, 28). 

Giberson (14) found that creams pasteurized in the laboratory at 143° F. 
for 30 minutes frequently gave phenol values indicating underpasteurization ; 
but creams pasteurized at 145° F. for 30 minutes always gave tests indicating 
proper pasteurization. He used high butterfat creams, however, averaging 
42.0 per cent butterfat. 


PRACTICAL APPLICATION OF THE PHOSPHATASE TESTS TO PASTEURIZED 
MILK AND CREAM 


The phosphatase test has been proven to be one of the most valuable tests 
ever given to the dairy industry. It ranks in value with the Babcock test ; 
and the field test is just as simple to run. 

The test has found wide application in the control of pasteurization of 
milk and cream both here and abroad, and the results have been rather 
amazing (7, 10, 14, 16, 17, 18, 19, 20, 23, 24, 29, 30, 31, 32, 33, 34). 

Gilereas and Davis (18) report that routine tests made on 780 samples 
of milk and cream labeled ‘‘pasteurized’’ collected from delivery wagons in 
various communities that 212 or 27.2 per cent were found to be underpas- 
teurized, and of these 59 reacted as raw milk. Plant inspection following 
the reporting of results found the cause in all but 32 instances. 

Tiedeman (30) reported that on more than 2,000 samples of pasteurized 
milk and cream examined 29 per cent were found to be unsatisfactory. Fol- 
lowup inspections resulted in plant operators admitting cause or inspector 
finding or securing evidence of cause in all but a few instances. In these 
cases a checkup on the process claimed to have been employed gave results 
indicating proper pasteurization. 

Krueger (31) reported that more than 80 per cent of the positive tests 
found were on samples which had been processed on Sundays and holidays, 
indicating the cause to be more or less willful on the part of the operator of 
the equipment. A year later he reports (33) dishonesty on the part of some 
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operators had been greatly reduced, and the number of samples of improperly 
pasteurized milk and cream found were very small. Investigation of these 
cases found the cause to be due primarily to the use of improperly constructed 
equipment, valves being the chief cause. In 88 plants inspected 212 outlet 
and 146 inlet valves were found defective, most generally due to grooves being 
too small to function properly. 

Scharer (10) reports that during the first month the test was in operation 
23,977 pounds of milk and cream were condemned as improperly pasteurized 
and excluded from the New York City market. 

Pineus (32) reports that the New York City Health Department examined 
10,635 routine samples of milk and cream from April 1 to September 20, 1937, 
and found 4.7 per cent showed evidence of being underpasteurized to a greater 
or less extent. 

Rice (34) reported that during the past year (1938) in New York City 
no gross irregularities have been found and minor irregularities oceur in 
about 2 per cent of the samples examined. Inspectors follow up all reports 
of irregularities. Most cases of irregularities have been found in cream. 
Cases are seldom due to willfulness, but usually to short comings of equip- 
ment or to factors of which the operator was not aware and which could not 
be easily detected by routine physical inspection of the plant. 

Giberson (14) and Burgwald (29) report that of 429 samples of pasteur- 
ized milk from all over the State of Ohio tested during the past year (October, 
1937 to August, 1938) at the Department of Dairy Technology, Ohio State 
University, 19.5 per cent were found to be underpasteurized. While 117 
samples of the pasteurized milk from one city where the test was conducted 
as a routine measure and results reported, only 5 per cent of the samples were 
found to be underpasteurized. 

Hoy and Neave (23) (England) report that a survey showed considerable 
improvement in the efficiency of pasteurization during the past two years. 

The results above mentioned show that there was vital need of the phos- 
phatase test and that the test is proving its reliability in the many checkups 
which have been made when irregularities have been shown by the test. These 
checkups when made have invariably resulted in locating the cause of the 
irregularities. Where the test is being used routinely the number of irregu- 
larities have dropped decidedly. 

The causes of irregularities found both willful and otherwise are too 
numerous to mention, but are listed in the following references (10, 14, 16, 
17, 18, 19, 23, 24, 30, 31, 32, 33). 

In view of the fact that a reduction of 96 per cent in the phosphatase 
activity means all pathogenic organisms which may have been present in the 
milk prior to pasteurization have been destroyed, then a test showing slight 
underpasteurization is not serious. 
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APPLICATION OF THE PHOSPHATASE TEST TO HOMOGENIZED MILK 
AND TO CHOCOLATE DRINKS 


Kay and Neave (24) report that the Kay and Graham phosphatase test 
may be applied to homogenized milk. 

Hahn and Tracy (22) report using Scharer’s laboratory test that homo- 
genization by pressure had no effect on the phosphatase test. 

The writer (unpublished) has observed that homogenization had no effect 
on either the Kay and Graham or Scharer’s improved field test. It was 
noted, however, that at times the butyl alcohol layer showed a yellow color on 
the homogenized milk, when the milk was homogenized after pasteurizing, 
which was not obtained on the milk before homogenizing. 

Scharer (10, 28) reports that his laboratory test can be applied to choco- 
late drinks without any change in procedure, or special treatment, other than 
to make a control determination when a positive result is obtained. This is 
done by repeating the test with the substitution of buffered water in the 
place of the buffered substrate. (No incubation necessary.) Any blue color 
developing would be due to interfering substances (added flavoring or 
color), then by difference, the amount of enzyme action can be evaluated. 

Scharer (28) reports that his improved rapid field test may be substituted 
for the laboratory test. Interfering substances to be evaluated by using a 
control, substituting buffered water for the buffered substrate. 

Using this control procedure any of the phosphatase tests may be applied 
to chocolate drinks. 


APPLICATION OF THE PHOSPHATASE TEST TO OTHER DAIRY PRODUCTS 
Butter 


The various phosphatase tests have been applied to butter (6, 7, 13, 24, 
28, 35, 36, 37). The application of the technic is the same as when applied 
to milk or cream with the exception of taking the sample. The most accept- 
able manner of preparing samples is to take a small quantity of butter to be 
tested (about 30 gr.) place in a centrifuge tube, melt at 40° C. and centrifuge. 
Make test on aqueous layer (serum) substituting it for milk in the test. Kay 
and Graham (7) and Kay and Neave (24) report that using this method a 
blue color greater than 2.3 Lovibond blue units would indicate raw or poorly 
pasteurized cream. They confirmed this with butter made from cream pas- 
teurized in the laboratory at 145° F. for 30 minutes and with butter made in 
New Zealand from cream pasteurized by the flash method generally used there. 

Scharer (13, 28) reports that butter made from cream pasteurized at 
141° F. for 30 minutes or from correctly pasteurized cream to which raw 
eream had been added could be detected by his improved rapid field test. 
Using the laboratory method he reports (28) that butter made from ‘‘holder’’ 
pasteurized cream exhibited only slight phosphatase activity while butter 
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made from ‘‘flash’’ pasteurized cream exhibited considerable phosphatase 
activity. 

Storage conditions had little effect on the enzyme activity. This agrees 
with Parfitt and Brown (37). He also reports some brands of butter con- 
sistently show no phosphatase activity while others were surprisingly high. 
All were labeled ‘‘made from pasteurized cream.’’ 

Shadwick and Parker (35) report that butter freshly made from sour 
eream which had been adjusted to the proper acidity and flashed at 185° F. 
or higher gave negative phosphatase tests by both the Kay and Graham 
method (24 hour incubation) and by Scharer’s modified field test. Lower 
temperatures were not satisfactory. 

In Scharer’s method they increased the incubation time from 10 minutes 
at 100° F. to 15 minutes at 105° F. which seemed to give closer agreement 
with the longer Kay and Graham test. Amy! alcohol was used with the 
Scharer test. 

Over 90 per cent of the butter samples giving a negative phosphatase test 
by Scharer’s method, when subjected to the keeping quality test, (holding 
8 days at 70° F.) almost invariably gave a positive reaction at the end of that 
time. Indications were that the phenol production was due to bacterial 
action. Parfitt and Brown (37) report that their experience with bacteria 
would lead them to believe that the production of phenol by micro-organisms 
is rather uncommon. In any case, the use of a control test substituting 
buffered water in place of the buffered substrate and subtracting the phenol 
value from the incubated test, the amount of actual enzyme action could be 
determined. 

Brown and Parfitt (36) report that samples of butter having a negative 
phosphatase test held up better under the keeping quality test of 10 days at 
15.4° C. than did butter having a positive test. 

Parfitt and Brown (37) believe that the phosphatase test for butter is of 
great value to the dairy technician to detect inadequate pasteurization of 
the cream, but doubts that the test should be used as yet by the public health 
control official in determining whether butter has been made from properly 
pasteurized cream. More experimental work is needed (35, 37). 

Butter from plants using vat pasteurization showed less phosphatase 
activity than butter from plants using the flash system. In the flash system 
cream may go through too fast and not all be heated properly, as shown in 
one instance of a plant whose butter was frequently showing a positive phos- 
phatase test. Upon investigation it was found that the cream was being 
heated to 190° F. but was going through so fast that not all was heated to 
that temperature. The result was that that cream not heated properly was 
the cause of positive tests. 

Excessive washing of butter made from improperly pasteurized cream 
may cause it to give a negative test (37). 
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Cheese 


Very little work has been reported on cheese. Kay and Neave (24) 
report experiments are in progress. So far they have found that there is a 
considerable quantity of phosphatase in cheese made from raw milk for at 
least two months after manufacture. 

Scharer (13, 28) reports phosphatase activity present in cheese made from 
raw milk even after 18 months of storage, but was absent in cheese made from 
correctly pasteurized milk. Aging under storage conditions or prolonged 
ripening at room temperature has no effect on the phosphatase values. He 
found the best method to sample cheese for the phosphatase test, because of 
its high acidity, was to take equal portions of cheese, buffer, and water, mix 
by grinding, and then proceed as for milk. Using a control substituting 
buffered water for the buffered substrate will indicate the presence of phenolic 
contamination. 


Ice Cream 


Considerable work has been done on ice cream and ice cream mix with 
reference to the application of the phosphatase test (13, 28, 38, 39, 40, 41). 

A higher pasteurizing temperature is necessary for ice cream mix than 
for milk or cream due to the apparent protective action of the additional 
solids (39, 40). 

Caulfield and Martin (40) showed that the sugar in the mix was the pro- 
tective agency against the inactivation of the enzyme; while Hahn and Tracy 
(39) showed that increasing the serum solid content had no effect on the 
inactivation of the enzyme. 

Because of the sugar in the mix it was necessary to pasteurize at a tem- 
perature above 145° F. for 30 minutes in order to inactivate the enzyme. 
Hahn and Tracy (39) report that it is necessary to pasteurize at temperatures 
above 147° F. for 30 minutes. Caulfield and Martin state that a temperature 
of 150° F. for 30 minutes will give negative results regardless of the sugar 
content present. 

A temperature and holding time sufficiently high and long enough to 
inactivate the enzyme should be employed, as ingredients that have a protec- 
tive agency for the enzyme will undoubtedly also act as a protective agency 
toward destruction by heat of the bacteria present. At least 96 per cent of 
the enzyme must be inactivated to make certain that any pathogenic organ- 
isms which may have been present have been destroyed (6). 

Nelson, et al. (41) showed that the enzyme phosphatase in ice cream mix 
is more resistant to heat than are the more heat resistant strains of Escher- 
ichia-Aerobacter organisms. 

Certain flavoring and coloring materials added to ice cream may effect 
the test (13, 28, 38, 39, 40). 

Pure vanilla extracts have no effect (38, 39, 40) except when vanilla bean 
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(concentrate) was added in double the recommended amounts it had a slight 
effect (40). 

The use of vanillin and coumarin crystals had a decided effect, coumarin 
more so than vanillin (38,39). Other flavoring extracts, such as strawberry, 
cherry, maple, ete., had little or no effect, while the addition of ‘‘cold pak”’ 
fruits, such as cherry, strawberry, and pineapple increased the phenol value, 
and this value continued to increase slightly during storage (39). 

Added colorings had such varied effect that no definite conclusion could 
be reached (39). 

None of these substances should present any difficulty (13, 38) if a con- 
trol test substituting buffered water in the place of the buffered substrate is 
made on all samples giving a positive reaction. The blue color developing 
in the control will indicate the extent of the indophenol color due to interfer- 
ing substances, and by subtraction, the amount of enzyme activity may be 
obtained. Fruits and nuts if present should be strained out before making 
the test. Colored ice creams are best tested by a laboratory test rather than 
by the field test as coloring agent may be soluble in the alcohol used in 
extracting the indophenol. Fresh pack fruits and raw fruits and nuts may 
introduce both enzyme and phenol-like substances (38). This may be ascer- 
tained by heating a portion of the mix to a high temperature and compare 
the resultant test and control with those of an unheated portion. 

Storage of ice cream made from properly pasteurized mix for two to 
twelve weeks had no effect on the phosphatase test (38, 39, 40). There was 
a slight reduction in phenol value at the end of 12 weeks in ice cream made 
from underpasteurized mix (38, 39). 


SUMMARY 


It has been shown that the enzyme phosphatase is present in all raw 
samples of milk, and that its thermal resistance is greater than that of any 
pathogenic organism which may be present in milk. 

Due to its inactivation at pasteurizing temperatures generally employed, 
it adapts itself ideally to detecting irregularities in the pasteurization of milk. 

The varous laboratory tests are of approximately equal value, and will 
detect variations as follows: 

1.0° F. in temperature 

5.0 minutes in holding time 

0.1 per cent added raw milk to properly pasteurized. 

The modified field test is almost as sensitive ; and increasing the incubation 
time to 30 minutes will probably make it just as sensitive as any of the labora- 
tory tests. It has the advantage of being able to be run directly in the plant 
in a very short time. Irregularities can be detected at once, shown to opera- 
tor, and cause remedied. 
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A photelometer may be used with the laboratory tests for greater accuracy 
in some cases. 

The test is very sensitive and precautions listed for each test must be 
followed closely. 

The test may be applied to cream, and homogenized milk without modi- 
fication. 


For chocolate drinks and various ice creams it is necessary to run controls 
using buffered water in place of buffered substrate to detect the presence of 
any interfering substances. 

For cheese and butter special preparation of the samples are necessary. 
More work needs to be done with the test on these two products. 
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BOOK REVIEW 


414. Bergey’s Manual of Determinative Bacteriology, 5th Edition. The 
Williams & Wilkins Co., Baltimore. Price $10.00. 


The only descriptive manual for one interested in the classification of 
bacteria is Bergey’s Manual of Determinative Bacteriology. Five editions 
of this manual have been published during the past 16 years. The first 
edition appeared in 1923 and described 832 species of bacteria. It con- 
tained 1577 descriptions with reference to the original place of publication. 
The succeeding editions enlarged upon the classification by including new 
species and genera of bacteria. This new book is greatly enlarged and con- 
tains 1032 pages, which is more than double the number in the first edition. 
The principal change in this edition, as compared to the previous one, is 
the increase from 3 to 12 families in the Order of Eubacteriales. The 
justification for the increase in the number of families lies in the recognition 
of definitely characterized groups of genera, closely related to each other, 
yet distinct from the other groups. 

Bacteriologists who have tried to systematize our knowledge of bacterial 
genera and species appreciate the difficulties encountered in preparing a 
satisfactory classification from material that is inadequate. When one re- 
views the extensive investigations of pleomorphism, life cycles, variation, 
dissociation and antigen analysis, it appears that these factors only confuse 
the classification until these changes have been widely accepted. However, 
in Bergey’s Manual there is evidence of fusing some of this incomplete 
information in the classification scheme. The manual as a whole shows a 
‘marked improvement over the previous editions in spite of some inconsis- 
tencies. Time and space do not justify a detailed critical review. 

The student and research investigator interested in bacteriologic taxon- 
omy will find the fifth edition of Bergey’s Manual of Determinative Bacteri- 
ology the most complete collection of references, descriptions and classifica- 
tion of microorganisms that has ever been published. H.H.W. 


BACTERIOLOGY 


415. Flavor Development in Buttermilk, Cottage Cheese and Sour 
Cream. B. W. Hammer, Iowa Agr. Exp. Sta., Ames, Iowa. 
Assoc. Bull., Intern. Assoc. Milk Dealers, 31st year, 5, 120, Feb., 
1939. 


Buttermilk, cottage cheese and sour cream ordinarily are prepared with 
A155 
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bacterial cultures of the same genera! nature. In a ripening culture roughly 
15 to 28 per cent of the lactose is changed to lactic acid by the common 
lactic acid organism Streptococcus lactis. This compound has an acid taste 
but is odorless and does not influence the aroma. The citrie acid in milk is 
fermented by Streptococcus citrovorus and Streptococcus paracitrovorus. 
Some carbondioxide is formed which influences the flavor, and acetic acid 
which influences both flavor and aroma. In rather acid milk some citric 
acid goes to form acetylmethylearbonol and diacetyl, the latter having a 
pleasing flavor effect on various products. The addition of .15 per cent of 
citrie acid to the milk to be made into culture definitely affects the flavor 
of the ripened product. The acid may be dissolved in a small amount of 
water with heat and added slowly with considerable agitation at time of 
inoculation. Commonly, an increase in carbondioxide, acetic acid and 
diacetyl contents results. Disappearance of diacetyl by reduction is best 
controlled by low holding temperatures after suitable ripening has been 
attained. 

Lack of flavor in buttermilk may be due to inactivity of citrie acid fer- 
menting organisms, inadequate supply of acid, rapid destruction of diacety] 
or some other factor. The best way of preserving the desirable flavor of 
buttermilk is by cooling and holding the ripened product at a low tem- 
perature. 

Cottage cheese may be low in flavor due to the flavoring materials being 
washed out and due to destruction of organisms by high cooking tempera- 
tures. Such cheese usually keeps well. High flavored cottage cheese sug- 
gesting the flavor of fine culture is commonly preferred by consumers who 
are critical of the quality of their dairy products. This product requires 
more care in manufacture than the low flavored product and should be held 
at satisfactory temperatures if the quality is to be maintained. Attempts 
are constantly being made to isolate cultures which will be more suitable for 
flavor development than those now commonly used. E.F.G. 


DISEASE 


416. Report of Committee of Communicable Diseases Affecting Man. 
I. A. Mercuant, Iowa State College, Ames, Iowa. J. of Milk 
Techn., 1: 26-35, Sept., 1938. 

A table showing the various milk-borne epidemics reported in the United 
States and Canada for 1936 together with their origin is given. 

The importance of the phosphatase test for pasteurization as an epidemi- 
ological aid is cited. In this case an outbreak of about 75 cases of gastro- 
enteritis was found to be due to a can of pasteurized milk which the phos- 
phatase test proved to be raw. 

Brucellosis (undulant fever) still holds a prominent place. In 1936 a 
total of 2044 cases were reported. These cannot all be attributed to milk, 
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but nevertheless many cases are. That steps are being taken to rapidly 
remove this hazard is shown by the fact that during the fiscal year 1936, the 
agglutination test for Bang’s disease was made on 6,600,000 cattle (a con- 
siderable number of these, however, were retests) and approximately 445,000 
reactors were found. 

It is suggested that poliomyelitis cases should be thoroughly investigated 
to determine their contact with milk supplies. L.H.B. 


417. A Study of a Scarlet Fever Epidemic at Rockford, Illinois. C. W. 
ANDERSON, Director of Laboratories, Rockford Dept. of Public 
Health, anv 8S. V. Layson, Milk Sanitarian, Illinois Dept. of Pub- 
lie Health. J. of Milk Techn., 7: 15-19, Sept., 1938. 


A total of 48 cases of scarlet fever occurred from March 23 to April 9, 
1937. Forty-one of these cases were users of raw milk from one station. 
Evidence seems to indicate that one cow in this herd had become infected 
from a milker. 

It is interesting to note that Rockford has a compulsory pasteurization 
law, but jurisdiction does not extend beyond the city limits. Cash and 
carry raw milk stations have sprung up just outside the city limits. It was 
to one of these stations that this epidemic was traced. L.H.B. 


418. Studies on Milk Samples from Bang-Positive and Bang-Negative 
Cows. H. B. Morrison, Jr., Dairy Section, anp F. E. Huu, Dept. 
of Animal Pathology, Univ. of Ky. J. of Milk Techn., 7: 3-8, 
July, 1938. 


The results of a study made on four herds with reference to the incidence 
of mastitis in Bang’s disease reactors as compared to non-reactors are given. 

Milk samples were taken aseptically from each quarter of each cow’s 
udder. The samples were tested to determine the agglutination reaction to 
Brucella abortus, the presence of streptococci, the brom thymol blue reac- 
tion, and the number of leucocytes per milliliter. 

From the results obtained the authors came to the following conclusions. 
A high percentage of Bang’s disease reactors gave milk with an agglutinin 
titer for Brucela abortus of 1:50 or higher. A higher percentage of 
Bang’s disease positive cows gave positive reactions to tests for mastitis than 
non-reactors. Each of these diseases in itself causes severe economic loss to 
the dairyman. This large economic loss may make it easier for the milk 
sanitarian to secure the cooperation of the dairyman in efforts to eliminate 
them. L.H.B. 


419. Some Results of Calfhood Vaccination Against Bang’s Disease. 
J. G. HarpenBerGH AND A. M. Miuus, Walker-Gordon Laboratory 
Co., Ine., Plainsboro, N. J. Assoc. Bull., Intern. Assoc. Milk 
Dealers, 31st vear, 6, 139, Feb., 1939. 
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As an aid in the control of Bang’s disease economically in herds until 
such time as the eradication program can be feasibly undertaken the calf- 
hood vaccination method, as worked out by Cotton, was studied. Numerous 
groups of heifer calves from 4 to 8 months of age have been inoculated with 
Strain 19 vaccine. The local swellings and elevations of temperature were 
transient. Agglutination reactions in the vaccinated heifers usually dis- 
appeared in 4 to 6 months. Although abortions were observed in both 
vaccinated and control animals the abortions which could be ascribed to 
Brucella infection alone occurred to a lesser extent in the vaccinated animals 
than the controls. E.F.G. 


FEEDS AND FEEDING 


420. The Effect of Feeding Vitamin A Supplement to Dairy Cattle. 
J. G. ArcHiBALD AND C. H. Parsons. Mass. Agr. Exp. Sta. Bull. 
357, March, 1939. 


The effect on growth, reproduction, and milk production in dairy cattle, 
of adding Vitamin A supplement in concentrated form to the grain ration 
was studied during a period of twenty-two months. All the dairy animals 
in the State College herd except young calves and bulls were included in the 
feeding trials. 

The supplement used was a fortified cod liver oil. 

The results obtained showed that supplement was without effect on the 
growth of heifers past the calfhood stage. 

It had a slight, but not significant, favorable effect on reproductive func- 
tion in cows and heifers, chiefly reflected in a higher weight at birth of the 
ealves born to the group of cows receiving the supplement and in a smaller 
percentage of stillborn calves in that group. All phases of reproductive 
function considered, the trend, although slight, was in favor of the supple- 
ment. 

The effect on milk production was favorable and seemed to have been 
brought about through an increased persistency in milk flow by those cows 
receiving the supplement. 

The average butterfat content of the milk was not affected, either favor- 
ably or adversely. 

The vitamin A content of composite milk samples from cows receiving 
the supplement was somewhat higher than that of similar samples from cows 
that did not receive it. The efficiency of transfer of the vitamin from feed 
to milk was very low in all cases. 

The authors considered the slight increase in cost of grain mixtures 
fortified with a vitamin A concentrate a cheap insurance against troubles 
due to deficiency of this vitamin particularly when roughage is of poor 
quality. H.G.L. 
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421. Haying in the Rain, A Study of Grass Silage. J. G. ArciiBaLp anp 
C. H. Parsons. Mass. Agr. Exp. Sta. Bull. 362, April, 1939. 


A discussion of different factors to consider in making grass silage are 
given. The authors suggest that any of the annual or perennial grasses or 
legumes, or the small grains can be successfully ensiled provided they are 
cut at the proper stage of maturity. A moisture content of 60 to 75 per 
cent is recommended when plants are put in the silo. Molasses is recom- 
mended at a rate of 40 pounds per ton of green weight for grasses and small 
grains, 60 pounds for mixed grass and clover, and 75-80 pounds for clover, 
alfalfa and other legumes. Silage from either grasses or legumes is usually 
higher in proteins, fiber and minerals and lower in carbohydrates than corn 
silage. 

Feeding practice is similar to corn silage, but large amounts of legume 
silage should not be fed at first to cows unaccustomed to it. In palatability, 
legume silage was equal to corn silage. Grass silage was not as readily eaten 
but was cleaned up without waste. The young cattle seem to relish it as 
well as they do corn silage. When dry hay is fed along with grass silage, 
cows seem to clean up their allowance if the silage is fed at one time of day 
and the hay at another. It probably cannot be fed to the entire exclusion 
of dry hay. 

Feeding trials showed it to be equal to corn silage and superior to dry 
hay for milk production. Fat test was not significantly different on grass 
silage and corn silage but there was more difference in favor of the grass 
silage when it was compared to dry hay. Vitamin A content of the milk 
was considerably higher when cows were fed grass or legume silage than 
when they received dry hay, and flavor of the milk was also superior. 

Limited cost data indicate there will be little difference in producing 
grass silage and dry hay on per unit dry matter basis but will vary depend- 
ing on the season. Grass silage will be generally less expensive than corn 
silage. 

Quality of grass silage depends on the condition of fodder stored for it 
will not make good feed out of poor or over-ripe hays. It will find a defi- 
nite place in the farming system but it is doubtful whether it should replace 
ordinary hay making entirely. H.G.L. 


422. Limited-Grain Feeding and All-Year Pasture for Dairy Cows. 
C. E. Wye anp L. R. Neew. Tenn. Agr. Exper. Sta. Bull. 163, 
Jan., 1938. 


Two groups of dairy cattle were fed two different rations in order to 
determine the value of limited-grain feeding and the use of good pasture. 
One pound of concentrates was fed to six pounds of milk in comparing with 
a check ration of one pound of concentrates to three pounds of milk. The 
milk and butterfat production on a limited grain ration was about equal to 
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the full grain ration and was slightly in favor of the former in the income 
over cost of feed. C.E.W. 


FOOD VALUE OF DATRY PRODUCTS 


423. New Irradiator Puts 400 Vitamin D Units into Quart of Milk. 
Anonymous. Milk Dealer, 28: 9, 32-33, June, 1939. 


A brief description is given of a new process for irradiating milk which 
has been tested over a period of two years in actual commercial use at 
Devine’s Strawberry Hill Dairy, Norwalk, Connecticut. The new process 
raises the former limits of 135 U.S.P. units of Vitamin D per quart of milk 
to 480-500 units per quart without imparting any sign of off-flavor to the 
milk as the result of ultra-violet light exposure. This equipment has pro- 
duced milk containing as high as 1,600 units without the flavor of the prod- 
uct being affected in any way from over-exposure to ultra-violet light. 

C.J.B. 


424. Color and Vitamins in Winter Milk from High Quality Hay and 
Silage. G. Bounstepr, Univ. of Wis., Madison, Wis. Assoc. Bull., 
Intern. Assoc. Milk Dealers, 31st year, 6, 148, Feb., 1939. 


Most roughages, especially when bleached, heated or harvested when 
fully matured, are low in carotene and vitamins. In vitamin content grass 
and legume silages, especially when cut at an early stage and properly pre- 
served, come nearest to pasture. The A.I.V. process, by reducing fermen- 
tation in the silo, aids in the preservation of the carotene. The carotene 
and Vitamin A content has been increased 60 per cent and 125 per cent 
respectively by an A.I.V. ration compared with corn silage. Although 
total carotene plus Vitamin A increases were similar, per unit of fat for 
Guernseys and Holsteins, the latter breed changed a larger proportion of 
the yellow carotene to colorless Vitamin A and, therefore, gave a whiter 
milk when the same Vitamin A activity was present per pound of fat as in 
the Guernsey milk. The use of 65 pounds of molasses per ton of silage is 
recommended for alfalfa. Only when the original silage material is in the 
early leafy succulent stage and when the acid method or whatever other 
method will preserve the material is used, can high color and vitamin con- 
tent be obtained in winter milk. So much depends upon the condition of 
the original silage material and the fermentation in the silo that often a 
high grade of corn silage will be equal to the product of some of the other 
supposedly superior silage processes. Artificial drying of early cut hay is 
an effective way to improve the quality of winter milk. E.F.G. 


425. The Cow—Mankind’s Foster Mother. W. E. Krauss, Ohio Agr. Exp. 
Sta., Wooster, Ohio. Assoc. Bull., Intern. Assoc. Milk Dealers, 
31st year, 6, 143, Feb., 1939. 


The effect of the feed of the animal upon the food value of milk, particu- 
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larly the content of the various vitamins, is discussed. The statement is 
made that feeding practices which tend to improve the nutritive value of 
milk are in keeping with good farm practice. The suggestion is made that 
possibly an evaluation of the feeding program in operation on a farm might 
be included in the sanitary inspection of the farm. E.F.G. 


ICE CREAM 


426. Fruit Products in Ice Cream and Sherbets. D. G. Sorser, Associate 
Chemist, Food Research Division, Bureau of Chemistry and Soils, 
U. S. Department of Agriculture, Los Angeles, Calif. Ice Cream 
Field, 33; 5, 22-25, May, 1939. 


According to the author, fresh fruits possess the most delicious flavors 
known, vet other flavors are used more extensively as flavors for ice cream. 
Despite this it is claimed that ice cream is the second largest user of barrel- 
pack frozen strawberries. ; 

The author recommends more general use of frozen fresh fruit pulp or 
puree, and frozen crushed or chopped fruit claiming that these products will 
result in the production of a flavor base wherein the natural fresh fruit 
flavor and color are fully preserved. Furthermore, such products can easily 
be prepared. The preparation consists of reducing the fruit to a pulp or 
puree, adding a predetermined amount of sugar or syrup with proper mix- 
ing, packing in tight containers and freezing rapidly enough to prevent 
deterioration by enzyme activity or the growth of microorganisms.  Vari- 
ous types of containers may be used. If tin cans are used they should be 
enamel-lined or lacquered in order to preserve the natural color of many 
fruits. Otherwise, the anthocyanin pigment in many fruits such as berries, 
plums, ete., combine with the tin salts formed by the fruit acids resulting 
in an undesirable blue color. 

Material of the type described can be defrosted and used to advantage 
as a flavor base for ice cream, sherbets, and milk shakes. When frozen very 
rapidly it produces a delicious frozen dessert possessing the natural flavor 
and color of the fresh fruit with a pleasing smooth texture. Crushed and 
chopped fruits prepared in this manner can be defrosted and used as very 
satisfactory sundae toppings. W.C.C. 


427. Ice Cream Sanitation and Hygiene. C. A. ABELz, Director, Division 
of Sanitation, State Dept. of Health, Montgomery, Ala. J. of Milk 
Techn., 1: 23-25, July, 1938. 


A report of results on a study made of bacterial counts on ice cream and 
ice cream mix during 1936 and 1937. 

Bacterial counts have shown an improvement in 1937 over 1936 in all 
phases of the study. Counter freezer ice cream showed a higher count than 
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did plant manufactured ice cream, although there was a decided improve- 
ment in 1937 over 1936 in the counts of counter freezer ice cream. 

Bacterial counts of ice cream at soda fountains were higher than of the 
ice cream at the plants, indicating possible contamination from dippers as 
a factor. 

The bacterial counts of ice cream were generally higher than were the 
counts on the mix from which they were made. 

Every ice cream freezing plant in Alabama is now required to obtain a 
permit from the health officers, and every prospective freezer operator must 
first obtain a permit before starting operation. L.H.B. 


428. Flavors in Use. C. D. Dante, Ice Cream Field, 33: 6, 36-40, June, 
1939. 


The author gives a general discussion of the more commonly used ice 
cream flavors. 

He advocates the use of pure vanilla and points out that with chocolate 
ice cream the tendency is to a blend of chocolate and cocoa. The larger ice 
cream manufacturers use frozen strawberries in making strawberry ice 
eream. For small manufacturers he claims processed berries in number 10 
tins are satisfactory. 

With butter pecan ice cream salt is essential to the development of the 
best flavor. The use of nuts packed in syrup has the advantage of delaying 
the development of sandiness in ice cream. Fruit emulsions, it is claimed, 
developed an unpleasant flavor as a result of oxidation if held too long. 

W.C.C. 


429. Selling Frosted Foods. E. W. Rosenurim, United Frosted Foods, 
Ine. Ice Cream Field, 34: 1, 32, 33, July, 1939. 


The author states that first of all frosted foods must be bought right. 
This means that: 

(a) the quality must be uniform, 

(b) the packages must be uniform, 

(ec) the varieties frozen must be correct, 

(d) there must be a proper cabinet plan, and 

(e) a suitable advertising plan. 

In the second place he points out that frosted foods must be sold right. 
Under this heading he recommends (a) refrigerating the products at 
about 0° F., (b) using properly refrigerated delivery trucks, and (c) serv- 
ing the dealer at regular intervals to ensure an adequate supply of the 
various products in the dealer’s cabinet. He points out that this last step 
is now being used to advantage in other industries and estimates that 95 
per cent of the cheese and mayonnaise business is handled through this type 
of truck distribution. W.C.C. 
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430. Frozen Cream Institute Survey Analyzed. (C. D. Dane ann D. V. 
JosePpHsSON. Ice Cream Field, 34; 1, 21, 22, July, 1939. 


This is a summarized report on the Institute Survey on Frozen Cream. 
According to the report the ‘‘composite opinion’’ may be outlined as fol- 
lows : 

1. Select good flavored, low acid 40 to 50 per cent cream. 

2. Pasteurize at 160° F. or above. 

3. Store in tin cans at a temperature of approximately — 10° F. 

4. Remove the cream from storage and incorporate into the mix using 
it as a source of 30 to 50 per cent of the total fat of the mix. 

It is pointed out that this ‘‘composite opinion’”’ is in accord with experi- 
mental results obtained at the Pennsylvania Agricultural Experiment Sta- 
tion. The following compilation gives the recommendations of the authors. 

1. Select fresh, good flavored, low acid cream containing 40 to 50 per 
cent fat. 

2. Process it in equipment that is as free as possible from exposed 
copper or even copper-containing alloys. 

3. Pasteurize the cream at 170° F. or higher for at least 15 minutes. 

4. If sugar is desired, approximately 10 per cent should be added to 
the cream prior to pasteurization. 

5. Store cream in well tinned cans at a temperature of — 10° F. or lower. 

6. If possible, remove the cream from storage and use within six months 
after storage. 

7. Incorporate the product into the mix so that 30-50 per cent of the 
fat will come from this source. Larger percentages may be used if the 
cream is of exceptional quality. 

8. Use a small quantity of egg yolk in the mix if difficulty is experienced 
in obtaining overrun with batch freezers. W.C.C. 


MILK 


431. An Evaluation of the Various Procedures for Making Phosphatase 
Tests. L. H. Burawatp anp E. M. Giperson, Dept. of Dairy 
Techn., Ohio State Univ., Columbus, Ohio. J. of Milk Techn., 1: 
11-24, Nov., 1938. 


All of the laboratory tests are of approximately equal value in detecting 
irregularities in the pasteurization of milk. As little as 1° F. variation in 
temperature, 5 minutes’ variation in holding time and 0.1 per cent added 
raw milk to properly pasteurized is detectable. Scharer’s standard of 0.5 
p.p.m. of phenol as an indication of proper pasteurization of 143° F. for 30 
minutes seemed to be a little low. His test, however, has the advantage 
over Kay and Graham’s and Gilcreas and Davis’ in that it requires a much 
shorter incubation time, and is less expensive in that acid washed filter 
papers are not required. 
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Scharer’s improved rapid field test is nearly as effective as are any of 
the laboratory tests and has the distinct advantage of time and cost of 
operation in its favor, together with the fact that it can be made directly 
in the plant in a few minutes’ time. 

BQC was found to vary in sensitivity, and might be a factor in prevent- 
ing the Scharer tests from being as sensitive as either the Kay and Graham 
or Gilereas and Davis tests. 

A photelometer can be used in connection with any of the laboratory 
tests. 

Age of samples if kept cold so they do not sour has no effect on the test. 
Certain bacteria may be a factor with the Kay and Graham and Gilcreas 
and Davis tests if present in large numbers. This is rather remote, how- 
ever, and the use of a control test would indicate the presence of any 
phenol-like substance which they might produce. L.H.B. 


432. Metals Used in a Modern Dairy. Loomis Burre.u, Cherry-Burrell 
Corp., Chicago, Ill. J. of Milk Techn., 1: 25-28, Nov., 1938. 


The various metals used in the manufacture of equipment are discussed 
giving their advantages and disadvantages and the equipment they are best 
suited for. 

The trend toward future equipment and processes are also discussed 
briefly. Among these mentioned is the trend toward high temperature 
short-time pasteurization, homogenized milk, and general improvements in 
design of equipment for sanitary reasons. L.H.B. 


433. Report of Committee on Milk Plant Practices. A. R. TouLanp, 
Chairman, Health Dept., Boston, Mass. J. of Milk Techn., 7: 38- 
43, Sept., 1938. 


The value of proper pasteurization of milk as a health measure is shown 
in this report for the city of Boston. In 1907 when pasteurization by the 
holding method was first set up in Boston, there were 760 deaths of chil- 
dren under two years of age due to diarrhea and gastroenteritis. In 1935 
with 99.8 per cent of the milk supply pasteurized there were only 49 such 
deaths. 

Higher temperatures and lower caustic content in soaker washers seems 
to be the trend. Heat penetrates quicker than caustic. 

The proper handling of cream is discussed quite fully. A set-up for 
handling cream to maintain the normal viscosity, they found to be as fol- 
lows : 

Separate milk at 85° F. using an air-tight separator. Run cream into 
a small stainless steel spray vat. Pasteurize the cream at 145° F. for 30 
minutes. Heat the cream slowly using a 15° F. differential between the 
cream and heating medium at all times. Cool slowly in the vat to 40° F. 
with ice water. 
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Plant design and arrangement is discussed as are wet surface paints and 
various methods of waste disposal at country plants. L.H.B. 


434. Problems Related to Homogenized Milk. F. J. Doan, Dairy Dept., 
Pennsylvania State College, State College, Pa. J. of Milk Techn., 
1; 20-25, Sept., 1938. 


Piston, rotary and sonic homogenizers, and the effect of homogenization 
on the milk is discussed. 

The most notable effects of homogenization are on the fat globule size, 
tension of the curd, and on the development of oxidized flavor. 

Comparison of piston and rotary type homogenizers is given, with refer- 
ence to effect on curd tension and fat globule size. Rotary types give better 
results than piston types at 1,000 pounds pressure, but piston types at 
3,000 pounds’ pressure show much better results than rotary. L.H.B. 


435. A Glass Milk Bottle with Narrow Pouring Lip and Minimum Drip. 
Luoyp ARNOLD, M.D., Univ. of IL, College of Medicine, Dept. of 
Bacteriology and Public Health, Chicago, Ill. J. of Milk Techn. 
1; 5-14, Sept., 1938. 


A standard pouring machine and technique for determining the amount 
of drip and bacterial contamination when milk is poured from glass bottles 
is described. Experiments with various types of bottle finishes and pouring 
lip designs have been made, and are illustrated. 

By breaking the adhesive surface of the glass with recessed angles the 
amount of drip both during and after pouring milk from the bottle has 
been reduced to a minimum. L.H.B. 


436. “Hit or Miss” Methods of Controlling Washing and Sterilization. 
F. M. Scaues, Research Laboratories, Sheffield Farms Co., New 
York City. J. of Milk Techn., 7: 39-47, July, 1938. 


‘**Hit or miss’’ cleaning operations are defined, ‘‘as those which have not 
been carefully planned and executed.’’ 

A planned operation should consider: 

1. Hardness of water to be used. 

2. Equipment material to be cleaned. 

3. The part of the process for which the equipment is used. 

4. The powder that is proposed to be used. 

5. The temperature of the cleaning solution. 

Desirable detergent qualities are listed as follows: wetting, foaming, 
deflocculating, solubility, emulsifying and lubricating. 

The value of sulphated alcohol in combination with detergents for 
softening water and increasing germicidal action is shown. 

Two methods are proposed for more uniform control of detergent 
strength. 
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Methods of sterilization of equipment is diseussed. Chlorine solutions 
are gaining in favor. L.H.B. 


437. The Microscope in the Production of High Quality Milk. C. S. 
Bryan, Mich. Agr. Exp. Sta., East Lansing, Mich.; G. J. Turney, 
W. K. Fox, L. H. Beaeman, anp X. A. Mixes, Health Dept., Lan- 
sing, Mich.; anp J. S. Bryan, Castanea Dairies, Trenton, N. J. J. 
of Milk Techn., 1: 26-34, July, 1938. 


A score card for determining the quality of a patron’s milk has been 
devised, using direct microscopic count, sediment test, and temperature of 
the milk in determining the score. A passing score is 75. 

A key based on the morphology of microorganisms is given to aid in the 
determination of the possible source or cause of high bacteria counts when 
found. 

The major sources or causes of high bacterial counts are given for four 
classes of milk. L.H.B. 


438. Improvements in the Rapid Phosphatase Test for Detection of Im- 
proper Pasteurization of Milk and Its Products. H. ScHarer, 
Chemical Laboratory, Dept. of Health, New York City. | J. of Milk 
Techn., 1; 35-38, July, 1938. 


Directions for conducting the proved rapid field test are given in detail, 
together with instructions for making up permanent color standards for use 
with the test. 

This test, due to the improvements in the purity and stability of chemi- 
cals needed, and the use of (neutral) normal butyl alcohol to extract the 
indophenol formed by the test, have resulted in yielding a rapid test which 
is comparable in accuracy to any of the longer laboratory tests. L.H.B. 


439. Second Conference on Sanitation of Paper Milk Containers. R. S. 
Breep, Chairman, New York Agr. Exp. Sta., Geneva, N. Y. J. of 
Milk Techn., 1; 47-53, July, 1938. 


A report of this conference is given together with a supplementary note 
on sanitary inspection and control at pulp and paper mills. 

The principles of sanitation to be observed in the manufacture and use 
of paper containers for milk as revised at the conference held at Geneva, 
N. Y. May 2, 1938, are listed. L.H.B. 


440. Contamination of Pasteurized Milk by Improper Relative Pressures 
in Regenerators. A. W. Fucus, Senior Sanitary Engineer, 
United States Public Health Service. J. of Milk Techn., 1: 9-16, 
July, 1938. 


Milk regenerators may permit the contamination of the pasteurized 
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product unless the pasteurized milk or the heat transfer water are under 
greater pressure at all times than is the raw milk. Objective criteria are 
presented, and methods for automatically insuring the required relative 
pressures in various types of milk to milk and milk to water to milk regen- 
erators are described. L.H.B. 


441. Physical Factors that Influence the Sale of Milk. W. H. E. Ren, 
Dairy Department, Univ. of Mo. Milk Dealer, 28: 9, 56-62, June, 
1939. 


The following physical factors are discussed in relation to their influence 
on the sale of milk: Effect of pasteurizing temperatures on the cream 
column ; effect of freezing on appearance and flavor; relation of creaming 
ability to cooling; a bluish skim milk layer; flaky milk; mottled or curdy 
cream line; and coagulation of milk during cooking in the home. 

C.J.B. 


442. Average Retail Price of Regular Milk Is 11.8 Cents, Survey Shows. 
Anonymous. Milk Dealer, 28: 9, 42-46, June, 1939. 


A compilation recently made by the Milk Dealer from price reports 
gathered in 42 states shows that the average retail price per quart of reg- 
ular milk in the United States today is approximately 11.8 cents. Prices 
in the Souch, with an average of 13.4 cents per quart, are higher than in 
other sections of the country. Eastern prices are second highest, with an 
average of 12.4 cents per quart; Western prices third, with an average of 
11.4 cents per quart ; and midwestern prices lowest, with an average of 10.7 
cents per quart. Pints of milk for the United States as a whole sell at an 
average price of 7 cents. 

Grade A milk prices for the country as a whole average almost one cent 
a quart higher than regular milk—12.7 compared with 11.8 cents for reg- 
ular milk. Vitamin D milk averaged one-half cent above Grade A milk or 
13.2 cents a quart. Certified milk averaged 16.8 cents, while certified vita- 
min D milk averaged 17.5 cents a quart. 

Other average prices for the United States as a whole are as follows: 

Buttermilk, 8.9 cents a quart; chocolate milk, 12.6 cents a quart; heavy 
cream, 20.4 cents per half pint; medium cream, 15.4 cents per half pint; 
light cream, 21.9 cents per pint; sour cream, 12.8 cents per half pint; 
cream cottage cheese, 14.7 cents per pound; and plain cottage cheese, 12.7 
cents per pound. C.J.B. 


443. Reducing Icing Costs. ArTuur ApAms, FlakIce Corporation of New 
York, anp R. E. Miniter, York Ice Machinery Corp. Milk Dealer, 
28: 9, 36-37, 64-66, June, 1939. 


A description of the FlakIce installation, consisting of six 10-ton Flak- 
Ice machines, two double-ended storage bins equipped with reversible Flak- 
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Ice automatic rakes and one FlakIce automatic icer, in the 57th Street plant 
of Sheffield Farms Company in New York City. 

Advantages which the Sheffield Farms Company has obtained through 
its FlakIce installation include the following: 

Ice requirements for crate icing and top icing of trucks can be met at 
much lower cost than by any other method. 

Elimination of labor which would be needed for manufacturing and 
handling the requirements with block ice. 

Elimination of ice wastage which is incurred in the manufacture, crush- 
ing and handling of other forms of ice. 

A saving of one-quarter to one-third of former block ice requirements in 
the form of crushed ice for the same duty. 

Elimination of un-iced and under-iced crates and elimination of wastage 
of ice by having too much ice on some crates. 

The saving of the cost of a crew of several men who would be required 
to handle and shovel ice onto milk bottle crates. C.J.B. 


444. When Do We Graduate? Micnar.i J. Riorpan, Sales Manager, 
Marin Dairymen’s Milk Co., Ltd., San Francisco, Calif. Milk 
Dealer, 28: 9, 35, 68, June, 1939. 


It is pointed out that the per-capita consumption of milk is, generally 
speaking, about one-half pint per day. In other words, practically all milk 
is sold for consumption by infants and growing children, and this cer- 
tainly requires no salesmanship of even elementary grade caliber because 
the health authorities see to it that the children’s food rations contain large 
quantities of milk. 

Methods of entering the graduating class of milk salesmanship by invad- 
ing the field of adult milk consumption are briefly discussed by the author. 
He concludes that: If we of the milk industry would effectively demonstrate 
to the people of America the myriad uses of fresh milk, the volume of milk 
sales would increase at least 50 per cent. C.J.B. 


445. Unit Coolers for Milk Storage Rooms. C. T. Baker, Consulting 
Engineer, Atlanta, Ga. Milk Dealer, 28: 9, 30-31, 70, June, 1939. 


A discussion of the advantages of unit coolers over standard type coils 
for cooling milk-storage rooms. 

The author summarizes the advantages of unit coolers when applied to 
milk-room cooling as follows: They provide better, more uniform and more 
rapid cooling of the air and the room contents than may be obtained by 
other methods; they maintain dry conditions, thus eliminating moisture 
deposits on walls, floors and ceiling ; improved sanitation results; they elimi- 
nate fog; they protect crates against rust ; and increase room storage space. 


C.J.B. 
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446. How We Have Used the Films and the Results Secured. Frank 
F. Rennigz, Jr., Virginia Dairy Company, Inc., Richmond, Va. 
Assoc. Bull., Intern. Assoc. Milk Dealers, 31st vear, 7, 159, March, 
1939. 


A precise and detailed outline is given of the way in which the Sound 
Slide Films of the Association were used by a 48 route dairy to train route 
salesmen. Included were methods of meeting the problem, of when and 
where to hold meetings, how to get full attendance and organization of the 
meeting. Participation by the salesmen themselves through discussion, 
personal experiences and specific sales situations are stressed. Use of the 
sound films in this manner showed a 1 per cent increase in sales in August, 
1938, when 136 leading markets showed a 5 per cent decrease for the same 
period. E.F.G. 


447. A Systematic Method of Reducing Customer Turnover. Roser A. 
Burns, Whiting Milk Company, Boston, Mass. Assoc. Bull., 


Intern. Assoc. Milk Dealers, 31st vear, 7, 159, March, 1939. 


Recent reductions in milk sold are attributed to (1) increased use of soft 
drinks, (2) increased sales of evaporated milk, (3) the effect that 22 per 
cent df all milk customers change dealers within two years. The present 
figure is estimated at 10-15 per cent for an average for the country. With 
the usual amount of interest paid to stops probably 5 to 10 per cent are 
recovered. It is possible with the right handling of complaints and follow 
up by the right persons to increase this to 37 per cent, and the author states 
that he has seen figures indicating as high as 46 per cent in his own organi- 
zation. About 50 per cent of stops are controllable and the other 50 per 
cent are not. A large per cent of the former should be brought back. 

E.F.G. 


448. The Practical Application of the Phosphatase Test. D. M. Roger, 
Borden’s Farm Products, Brooklyn, N. Y. Assoc. Bull., Intern. 
Assoc. Milk Dealers, 31st vear, 9, 233, March, 1939. 


The Scharer Rapid Field Test or a slight modification of it was used in 
the pasteurizing room on 18,000 lots of pasteurized milk. The modification 
consisted of using amy] alcohol (boiling range 126°—132° C.) for a color sol- 
vent instead of normal butyl alcohol. The reason given for this modifica- 
tion was that high colored milk did not give so much yellow color to con- 
fuse the reading as when normal butyl alcohol was used. The incubation 
time was also increased from 10 to 30 minutes to detect more easily slightly 
underpasteurized samples. The Scharer test is described in detail and an 
extensive classification of the causes of underpasteurization is given. The 
author feels that the Scharer Rapid Field Test is reliable and is a great help 
to the operator when used as a routine test. E.F.G. 
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449. An Evaluation of the Various Procedures for Making Phosphatase 
Tests. L. H. Bura@waup anp E. M. Grserson, Ohio State Univ, 
Columbus. Assoc. Bull., Intern. Assoc. Milk Dealers, 31st year, 9, 
211, March, 1939. 


See abstract 431 this issue. 


450. The Sanitation of Paper Milk Containers. R. 8S. Breep, New York 
Agr. Exper. Sta., Geneva, N. Y. Assoc. Bull., Intern. Assoc. Milk 
Dealers, 31st year, Feb., 1939. 


An outline map of the United States shows the location of cities where 
single service milk containers are in commercial use and also where paper 
mills that make board for these containers are in operation. The majority 
is in or near New York state. An illustration shows 24 different types of 
containers which have been used in at least one practical installation. It is 
stated that about 1,200,000 single service milk bottles are used daily in this 
country. 

The present data refers mainly to the bacteriological problems arising 
in the making of the containers themselves. Because paper milk containers 
are so nearly sterile the method used for glass bottles of rinsing with 100 ce. 
of sterile water is not satisfactory. One method has been to rinse with 10 
ee. of sterile water and incubate the entire 10 cc., and another more rigid 
method has been to add 10 ce. of sterile broth to a container and after incu- 
bation record the containers which remain sterile. 

Examination of nearly 8000 containers in 1937 and 1938 showed a rather 
large percentage with no growth at all and 70 per cent with less than 5 
colonies per container. The bacteria found were common non-pathogenic, 
spore-bearing types and some saprophytic microcoeci. No pathogenic bac- 
teria survived the temperatures used in preparing the board. 

Examination of 824 samples of paper board disintegrated by a special 
machine showed about 5 per cent to be sterile. Occasional counts of 500 
colonies per gram were obtained when mill conditions were not satisfactory. 
The best coating with paraffin was obtained at 165-175° F. Above 175° F. 
some board may be exposed and higher counts may be obtained. 

Paper milk bottles are capable of meeting very much more severe rinse 
count standards than the average glass bottle and also more severe stand- 
ards from the standpoint of pathogenic organisms. E.F.G. 


451. The Application of the Resazurin Test in Determining the Quality 
of Raw Milk and Cream. M. A. Couuins, L. M. Wurre, W. H. 
Curison, H. G. TURNER, AND J. R. Rice, United Farmers Coopera- 
tive Creamery Association, Boston, Mass. Assoc. Bull., Intern. 
Assoe. Milk Dealers, 31st year, 5, 104, Feb., 1939. 


The results of daily routine tests were studied to determine the advis- 
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ability of changing from the routine methylene blue reduction test to a 
routine resazurin reduction test for the control of raw milk and cream sup- 
plies. In this work 1 ml. of 0.005 per cent resazurin dye was mixed with 
10 ml. of milk or cream. The time required to reduce the resazurin test 
and the standard methylene blue test to white was approximately equal. 
Reduction of resazurin to pink in fresh tank car shipments of milk was 
approximately half the methylene blue to white time. The results of the 
two tests agree well in selecting high quality milk. When the resazurin 
test was 3 hours, or over, the bacterial counts usually showed less than 400,- 
000 per ml. and the milk was as good quality as 5.5 hour methylene blue. 
Resazurin test of 5 to 6 hours have corresponding plate counts under 100,- 
000 per ml. A predominance of the samples of batch raw cream having 
resazurin pink tests of 2 hours or more have microscopic counts averaging 
logarithmically 150,000 to 300,000 bacteria per ml. There was an indefi- 
nite correlation between the resazurin test and the rise in acidity of fresh 
pasteurized cream as compared with the same cream raw. The resazurin 
test can be applied in different laboratories with uniform results when the 
methods are standardized. E.F.G. 


452. Variations in the Fat and Solids-Not-Fat Content of Milk. W. J. 

Cauurietp, C. H. Wuirnan, snp F. W. Arxeson, Kansas Agr. 

Exp. Sta., Manhattan, Kan. Assoc. Bull., Intern. Assoc. Milk 
Dealers, 31st year, 6, 127, Feb., 1939. 


Three-day monthly composites were made upon the milk of 95 indi- 
viduals in the college herd, representing the Holstein, Ayrshire, Guernsey 
and Jersey breeds, during the 1936-37 and 1937-38 seasons starting with 
September. A study was made of (1) the effect of breed, (2) variations 
within the breed and (3) variations from month to month over a period of 
one year in the per cent of fat and per cent of solids-not-fat in the com- 
posite samples. In the analysis of the 1101 composite samples included in 
the data two interesting facts were observed. The Holstein breed yielded 
solids-not-fat averages of 8.52 + .85 and the solids-not-fat content was 
below 8.5 for 36 per cent of the animals. The station herd averaged below 
8.5 per cent solids-not-fat for 7 out of the 12 months during the period 
September, 1936, through August, 1937. This would indicate that a solids- 
not-fat legal standard of 8.5 would exclude much normal milk. Another 
item of interest was a drop of about 1 per cent in the solids-not-fat content 
of all milk in the 1936-37 season during July followed by a return to nor- 
mal in August. The drop in fat content in July was only two-tenths of one 
per cent. This was a season of drought condition and high temperatures. 
This drop in solids-not-fat content did not take place during the following 
summer when adequate pastures and lower temperatures prevailed. 

E.F.G. 
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453. Milk Cartage in the Southwick-Agawam Area of the Springfield 
Milk Shed. Atrrep A. Brown anp J. ExizaBeTH DONLEY. Mass. 
Agr. Exp. Sta. Bull. 363, May, 1939. 


The bulletin reports only a part of a general study of milk marketing 
being made of the Springfield milk shed. Factors studied were the supply 
characteristics of the section, location of farms, markets of wholesale pro- 
ducers, and milk cartage service in the section. 

The greatest emphasis is placed on cartage service, going into details on 
routes operated, efficiency of transportation and trucking rates. A pro- 
posed reorganization of service is given as well as a proposed reorganiza- 
tion of rate structure. H.G.L. 


454. Feed Flavors and Practical Means of Controlling Them in Dairy 
Products. C. E. Anp THos. B. Harrison, Univ. of Tenn. 
Mimeograph Report No. 51. 


The methods of controlling flavors in dairy products are divided into 
three classes as follows: (1) Preventive methods, (2) Processing methods, 
and (3) Economic encouragement. Each of the subheadings under these 
is discussed in detail. A table is also included showing a general procedure 
in controlling flavors. C.E.W. 


455. Composition of Milk of Brown Swiss Cows. 0. R. Overman, O. F. 
Garrett, K. E. Wricut, anp F. P. SANMANN. Ill. Agr. Exp. Sta. 
Bull. 457: 575-623, July, 1939. 


The results of the analyses of 428 milk samples taken from 33 lactations 
of 17 Brown Swiss cows are tabulated, studied by statistical methods and 
comparisons made with the results of other investigations into the com- 
position of milk. The samples were 3-day composites taken at 4-week inter- 
vals throughout the lactation periods of the individual cows. Summary tables 
taken from Bull. 325 (1929) of the same experiment station are included. 
These summaries are based upon the analyses of 208 samples of Ayrshire 
milk from 22 lactations of 14 cows, 321 samples of Guernsey milk from 33 
lactations of 16 cows, 268 samples of Holstein milk from 25 lactations of 19 
cows, 199 samples of Jersey milk from 22 lactations of 15 cows and 1,002 
samples of the milk of Guernsey-Holstein crossbred cows from 96 lactations 
of 66 cows. Total number of samples of milk 2,426. It should be pointed 
out that the protein content of milk as determined from these investigations 
is higher in relation to the fat content than is usually reported in the litera- 
ture, and that the lactose does not regularly increase with increasing fat up 
to a certain fat content but that it is nearly constant in per cent to about 5.0 
per cent fat and then decreases with further increases in fat. O.R.O. 
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456. Teaching Dairy Cattle Selection. W. B. Nevens anp A. F. Kunt- 
MAN. Ill. Agr. Exp. Sta. Cire. 495, June, 1939. 


A manual primarily for the use of 4-H Club leaders. The following 
steps in the process of teaching dairy-cattle selection are considered : 

1. Identification and study of the characteristics of the different breeds 
of dairy cattle. 

2. Study and use of the score card for rating dairy cattle. 

3. Practice in the comparative selection of dairy cattle on the basis of 
score-card ratings, and in the preparation of well-organized reasons for the 
selection. 

4. Study of production records and pedigrees—how they are made, and 
their value and use in the selection of dairy cattle. 

5. The use of production records and pedigrees in making selections of 
animals, and the combining of the use of these records and pedigrees with 
the selection of animals on the basis of type. 

A suggested outline and questions for study are included. O.R.0. 
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MANTON-GAULIN, 


TWO STAGE 


HOMOGENIZER 


The GAULIN HOMOGENIZER has the approval of leading health officials of the 
United States and is acceptable under Standard Ordinance provision of the U. S. 
Government. It can be completely disassembled, cleaned, sterilized, and reas- 
sembled ready for operation within 30 minutes by a competent operator. 

No dead end passages—all inside surfaces highly finished. Write for bulletin 30-B. 
No obligations. A new bulletin on Homogenized Milk is now available for distri- 
bution. The Two-Stage Valve is standard equipment. 


The Manton-Gaulin Manufacturing Co. 
Incorporated 
7 Chariton Street U.S.A. EVERETT, MASS. 


JALCO sBascock TESTERS 
HAND and ELECTRIC COMBINATION 


Espectatiy designed for experimental, herd 
testing work and cream stations where the current 
is unreliable. It is light in weight, easy to trans- 
port and can be changed instantly from hand to 
electric operation. It is made from heavy cast 
aluminum throughout and uses the regular JALCO 
induction type motor. 


TESTERS *25-°° AND UP 
WRITE FOR CATALOG 


JALCO MOTOR COMPANY 4 to 36 bottle 


UNION CITY, INDIANA TESTERS 


Plan NOW to attend the 


ANNUAL MEETING 
A. D. 5S. A. 


PURDUE UNIVERSITY 
WEST LAFAYETTE, INDIANA 


June 24-27, 1940 
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of the finest starter on a single propaga- 
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GENERAL BIOCHEM Geveland, 0. 


Our cultures are safely shipped to all parts 

of the world on a guaranteed, money-back 

basis. Send for free informative booklet on 

- the use of cultures in fermented milk prod- 
ucts. It covers 25 years of research. 


Dept.29, 418 
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Eckles’ 
DAIRY CATTLE and 
MILK PRODUCTION 


Revised and brought up to date by 
E. L. ANTHONY and L. S. PALMER 


The new Third Edition of this standard work on dairying provides useful infor- 
mation on every aspect of the selection and management of dairy herds. Here 
the dairy farmer will find the answers to all such practical questions as what char- 
acteristics mark a desirable sire, how to develop a long milking period, how to 
recognize and treat the common diseases, what combinations of grain and silage 
are most productive, ete. There are 74 useful tables which give much reference 
information on feeds and nutrients, growth, costs, ete., including score cards for 
the various breeds. 


520 pages. 101 illustrations. $3.60 


The Macmillan Company, 60 Fifth Avenue, New York 


MARSCHALL] carn 


RENNET and COLOR POSITIVE 
AUTOMATIC 


for cheese manufacture SYSTEM OF PASTEURIZATION 


A totally enclosed continuous flow method of Pasteur- 
3 izing milk that meets the requirements of all Health 
are uniformly strong and pure, hence regulations. The holding period is accurately governed 
by positive automatic gears that cannot be changed. 
always dependable. Up-to-date meth- —~ — pay for a minimum of 30 minutes or 
ont 
ods and exact control of production With either the JUNIOR unit, for plants of small or 
‘ ° medium capacities, or the larger unit for plants of large 
insure the quality of Marschall’s. capacities, the milk is not in view ieeadie time e enters 
the weigh tank until it appears in the bottle. There can 
be no plant ination during the ing period. 
‘ Made in capacities of from 2,500 to 30,000 pounds 
Liberal samples of Marschall hour in tinned semencimeibamhatedasios 
preparations for class work or at is consistent with dependable machinery 
experiment may be had for the Catalogues will be cheerfully 
asking. mailed on request, without obliga- 
tion. Please state the capacities in 
which you are interested. 


Marschall Dairy Laboratory STANDARD MILK 


INCORPORATED 


MACHINERY CO. 


MADISON WISCONSIN (INCORPORATED) 
U.S.A. LOUISVILLE KENTUCKY 
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of the Many 
Goalures of 
CP FULL-FLO 
PLATE 
EQUIPMENT 


@ Providing capacity for 7,200 lbs. of milk per 
hour ... yet so compact that it occupies just one corner 
of the processing room ... this OP FPull-Flo Plate Unit 
handles heating, cooling, regeneration and short-time 
holding for Plymouth Dairy Co., Rochester, N. Y. 


Interesting features of this modern and highly efficient 
installation are: (1) Maximum conservation of space 
by locating the hot water circulating unit, pump for 
sweet water cooling, and controls under the tiled plat- 
form; (2) The use of A-P-C recessiess stainless steel 
fittings and stainless steel tubing. 


Multi-service and compactness are but two of the many 
advantages of CP Plate Equipment. Natural milk 
flavor is retained to an exceptional degree. Heating 
load is reduced up to 82% and mechanical refrigeration 
load may be reduced as much as 25% or more by effi- 
cient regeneration. Cleaning time is considerably less 
than that required with a surface or internal tube 
equipment. For full details on all CP Full-Plo Plate 
Equipment features and advantages, write for Bulletin 
E-5. 


THE CREAMERY PACKAGE MFG. COMPANY 
1243 West Washington Boulevard, Chicago, Illinois 


San Francisco - 


Mfg. Ce. of Canada, Ltd 


Creamery Package 
267 King St., West, Torento, Ont., Canada 


- Denver - Kansas Oity - Los Angeles 
Fae - - Portiand, Oregon - Salt Lake Oity 
Seattle - Tolede - Waterice, Iowa 
The Creamery Package Mfg. Company, Lid. 
Avery House, Clerkenwell Green, Londen, KE. C. 1, Kagland 
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Bacto-Tryptone Glucose Extract Agar 


for 


Standard Plate Counts of Milk 


Tie new edition of “Standard Methods 


for the Examination of Dairy Products” (Seventh Edition of “Standard Methods of 
Milk Analysis”) of the American Public Health Association specifies the use of a 
new medium—tryptone glucose extract agar—for determining the toral bacterial 


plate count of milk. 


Bacto-Tryptone Glucose Extract Agar 
is a dehydrated medium available to all 
dairy bacteriologists and public health 
workers in order that they may readily 
follow the new “Standard Methods” 


procedure. 


Bacto-Tryptone Glucose Extract Agar 
is prepared from standard and approved 
ingredients in accordance with the 
specifications of the new official for- 
mula. When it is made up for use it 
corresponds exactly with the medium 
approved in the new “Standard Meth- 
ods.” The dehydrated medium does 
not contain skim milk. When the 
medium is used for plating samples in 
a dilution greater than 1 to 10, one per 
cent of skim milk is. added to the 
medium just before sterilization. The 


medium requires no filtration and has 
a reaction of pH 7.0 after autoclave 
sterilization. Colonies developing on 
this medium are larger and more repre- 
sentative of the bacteria encountered 
in milk than those secured on the nu- 
trient agar previously used for milk 
counts. 


Bacto-Tryptone Glucose Extract Agar 
is distributed in one pound, one-quarter 
pound and in twenty-four gram bot- 
tles. The twenty-four gram quantity 
is sufficient for one liter of medium 
and the one pound bottle will yield 
nineteen liters. 


Bacto-Skim Milk (packaged in one 
pound and one-quarter pound quanti- 
ties) is recommended for use with 
tryptone glucose extract agar. 


Specify “Difco” 
“WHE TRADE NAME OF THE PIONSERS ‘ 
In the Research and Development of Bacto-Peptone and Dehydrated Culture Media 
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